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Abstract – This study examined the potential of 
visible and near infrared reflectance spectroscopy 
(Vis-NIRS) to segregate dark cutters from normal 
beef. One hundred and twenty left beef carcass sides 
were selected from a commercial slaughter plant by 
experienced graders according to their carcass 
grade: 60 normal and 60 dark cutters. At 
approximately 48 h post mortem, a 2.5-cm thick 
steak (at ~7/8th thoracic vertebrae) was removed, 
vacuum packaged and frozen at -25 °C until spectra 
collection. After thawing overnight at 2 °C, Vis-NIR 
spectra were collected on intact steaks prior to 
oxygenation (non-bloomed samples) and following 
20 min of exposure to atmospheric oxygen (bloomed 
samples), using a portable LabSpec®4 spectrometer 
(350-2500 nm) at the laboratory. Partial least 
squares discriminant analysis correctly classified 95% 
of the non-bloomed beef samples from both normal 
and dark cutter carcasses, and 88 and 93% of the 
bloomed samples from normal and dark cutter 
carcasses, respectively. Further work remains to be 
carried out to develop robust Vis-NIRS models to be 
implemented on-line in the abattoir, where portable 
equipment applied directly on the carcass could 




Dark-cutting beef colour is an important and well 
researched meat quality issue caused by metabolic 
processes. Dark cutters, often referred to as dark, 
firm and dry (DFD) meat, theoretically all belong 
to a group of cattle that have experienced 
prolonged stress prior to slaughter induced by 
numerous factors [1], such as fluctuations or 
extreme weather conditions, management prior to 
slaughter, fighting, mounting to re-establish social 
hierarchy and use of aggressive implantation. 
Under those stress conditions, glycogen stores are 
depleted prior to slaughter, reducing the available 
post mortem glycogen in muscle that prevents 
normal post mortem glycolysis and limits pH 
decline [2]. As a consequence, dark cutters result 
in an abnormally high post mortem pH (≥ 6.0), a 
glycolytic potential of less than 100 μmol of 
glycogen/g of muscle [3], a greater water holding 
capacity and a characteristic and visually 
unappealing dark red to black colour that is 
discriminated against by the retail trade and 
consumers [4]. In addition, dark cutters are more 
susceptible to bacterial spoilage [5], show a 
reduced beef flavour [6] and often seem more 
tender [7]. 
 
In Canada, dark cutters are distinguished at the 
time of grading by the excessively dark colour of 
the rib-eye using a visual colour chit developed by 
the Canadian Beef Grading Agency [8], and are 
heavily discounted. 
 
Various researchers have defined dark-cutting beef 
as having ultimate pH in excess of 5.8-6.2 
measured at 24 or 48 h post mortem [1,9]. Given 
the known range in pH, this parameter could be 
used as a further sorting tool for dark cutter 
carcasses. However, the increased concerns 
regarding hazard analysis and critical control 
points (glass electrodes, penetrating musculature, 
appropriate cleaning between muscles) and 
operational difficulties in operating a pH meter 
continuously in a cooler environment (slow to 
calibrate and read, space restrictions) limit this 
option. Hence, a reliable and operationally 
practical method that objectively assists in 
discriminating dark cutters from normal beef is 
needed. 
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Near infrared spectroscopy (NIRS) is a sensitive, 
fast, and non-destructive technology, with 
minimum or no sample preparation, neither 
requiring reagents nor producing waste, which 
provides information about the molecular bonds of 
organic compounds and tissue ultra-structure in a 
scanned sample [10]. NIRS has been successfully 
used for quantitative estimation of major chemical 
constituents in meat and also for classification 
purposes [11]. However, to the best of our 
knowledge, there are no studies testing this 
technology to discriminate dark cutters from 
normal beef. Therefore, the aim of the present 
study was to examine the potential of visible (Vis) 
and NIR spectroscopy to objectively assist in 
segregating dark-cutting from normal carcasses. 
 
II. MATERIALS AND METHODS 
 
A. Sample collection 
Over three collection weeks, 120 left beef carcass 
sides (n = 24, 48 and 48 carcasses per week, 
respectively) were selected from a commercial 
slaughter plant in Alberta, Canada, by experienced 
graders. The carcasses selected each week were 
balanced by carcass grade (60 normal and 60 dark 
cutters in total) using a visual colour chit 
developed by the Canadian Beef Grading Agency 
[8] and applied by certified beef graders. At 48 h 
post mortem, rib-eyes were removed from the 
carcass, tagged, vacuum packaged in polyethylene 
bags and transported under refrigerated conditions 
to the Lacombe Research Centre, Agriculture and 
Agri-Food Canada (Lacombe, Alberta, Canada), 
where they were held overnight at 2 °C. Then, rib-
eyes were removed from packaging, labeled, and 
denuded. A 2.5-cm thick steak (approximately at 
the 7-8th thoracic vertebrae, ~23 cm anterior from 
the grade site) was removed from the 120 rib-eyes, 
labeled, vacuum packaged and frozen at -25 °C 
until Vis-NIR spectra collection. 
 
B. Vis-NIR spectra collection 
The steaks were randomly thawed overnight at 
2°C balanced by their carcass grade, to allow NIR 
spectra collection during four consecutive days. A 
portable LabSpec®4 Standard-Res spectrometer 
(Analytical Spectral Device-ASD Inc., Boulder, 
CO, USA) equipped with an ASD fibre-optic high 
intensity contact probe (21 mm window diameter) 
was used to scan intact steaks at the laboratory 
prior to oxygenation (non-bloomed samples) and 
following 20 min of exposure to atmospheric 
oxygen (bloomed samples) (Figure 1). The 
spectrometer scanned 50 times per reading (~5 s) 
over the Vis-NIR range (350-2500 nm) in 
reflectance mode, and spectra were averaged by 
the equipment software. The data were 
interpolated to produce measurements in 1 nm 
steps, resulting in a diffuse reflectance spectrum of 
2151 data points. Absorbance data were stored as 
log (1/R), where R was the energy reflected. Nine 
spectra per steak were collected to increase the 
area of muscle scanned and reduce the sampling 
error [10], and then averaged. Instrument control 
and initial spectral manipulation were performed 
with the Indico™ Pro software package 
(Analytical Spectral Device-ASD Inc., Boulder, 
CO, USA). 
Fig. 1. Average Vis-NIR spectra (n = 120) of non-
bloomed and bloomed beef samples 
C. Statistical analysis 
Principal component analysis (PCA) was 
performed to decompose and compress the data 
matrix. Partial least squares discriminant analysis 
(PLS2-DA, [12]) was applied to classify samples 
into each of the carcass grades studied (normal and 
dark cutter). This model seeks to correlate spectral 
variations (X) with defined classes (Y), attempting 
to maximize the covariance between the two types 
of variables for group differences and ignoring 
variance within a class. In this type of approach, Y 
is a dummy matrix with arbitrary numbers 
assigned to the different classes to be 
distinguished (normal = 1, dark cutter = 2). 
According to this equation, a sample was 
classified as meat belonging to a specific category 
(normal or dark cutter) if the predicted value was 
within ±0.5 of the dummy value. The accuracy of 
the models obtained was evaluated using the 
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percentage of correctly classified samples. Cross-
validation (leave one-out) was performed to 
validate calibrations and to restrict the number of 
PLS terms incorporated in the regression, to 
prevent over-fitting. Spectral data management 
and PLS2-DA were performed by means of The 
Unscrambler® software (version 10.2, Camo, 
Trondheim, Norway). 
 
III. RESULTS AND DISCUSSION 
 
When the Vis-NIR spectra were collected on non-
bloomed beef samples, the regression model 
developed using a PLS2-DA and including 4 PLS 
terms correctly classified 95% of the beef samples 
from both normal and dark cutter carcasses (Table 
1). Similar results were observed when the 
calibration model was cross-validated, where only 
5% of the beef samples from both carcass grades 
were misclassified. Regarding the spectra 
collection on bloomed samples, the discrimination 
model including 3 PLS terms showed a decrease 
of 7 and 2% in the number of correctly-classified 
beef samples in the calibration set from both 
normal and dark cutter carcasses, respectively, 
compared to that observed for non-bloomed 
samples. With regard to the validation, 12% of 
misclassified beef samples from both grading 
categories were found. 
Table 1 Discrimination results based on spectra 
collected on non-bloomed and bloomed beef samples 
   Classified (%) 



















5.1 94.9 5.1 94.9 




6.8 93.2 11.9 88.1 
PLS terms: partial least square terms 
 
Because the LabSpec®4 instrument is provided 
with the Vis region, changes in the colour of the 
samples during blooming could have been 
reflected in the collected spectra. Indeed, in Figure 
1, a small but interesting amount of variability 
amongst spectral absorption from non-bloomed 
and bloomed samples was detected in the regions 
at 548 and 580 nm, which could be explained by 
different redox states of myoglobin [13]. 
Nevertheless, the lower accuracy found in the 
discrimination of the bloomed samples might 
suggest that the colour changes, due to the 
exposure to atmospheric oxygen, did not occur at 
the same rate for all the samples within each 
carcass grade, hence making segregation of dark 
cutters from normal beef on bloomed samples 
more difficult. 
 
Since the musculature from dark cutters is often 
referred to as DFD (dark, firm and dry), the 
successful Vis-NIRS performance in the 
discrimination of dark cutters from normal beef 
could be due to the information related to the 
colour, provided by the Vis region, and the 
structure of the muscle (i.e., the fibre arrangement 
of the muscle) and water content, obtained from 
the NIR region. Indeed, in Figure 2, differences 
between normal and dark cutters were observed 
due to the redox states of myoglobin (548, 580 and 
762 nm; [13]) in the Vis region, and the 
absorption of O-H bonds of water (890, 970, 1450 
and 1940 nm) and N-H bonds of protein (2180, 
2300, 2352 and 2470 nm) [14] in the NIR region. 
Fig. 2. Average Vis-NIR spectra of non-bloomed 
normal (n = 60) and dark cutter (n = 60) samples 
Additionally, dark cutters are assumed to have a 
glycolytic potential of less than 100 μmol of 
glycogen/g of muscle [3]. Because glycogen is a 
multi-branched polysaccharide of glucose, the 
molecular bonds of this organic compound absorb 
energy in the NIR region. Hence, the different 
content of glycogen could be another reason for 
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Vis-NIRS technology has the potential to 
objectively assist in segregating dark cutters from 
normal beef. Partial least squares discriminant 
analysis based on Vis-NIR spectra correctly 
classified 95% of the non-bloomed beef samples 
from both normal and dark cutter carcasses. The 
portable LabSpec®4 could offer advantages over 
the at-line high-resolution monochromators, 
chiefly its ease of use and portability. Nevertheless, 
this device needs to be further tested for on-line 
applications in the abattoir, where portable 
equipment applied directly on the carcass may 
objectively assist in segregating dark-cutting 
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TIMING OF EXPOSURE TO HIGH-CONCENTRATE DIETS VS. 
PASTURE ON CARCASS TRAITS AND MEAT QUALITY OF STEERS 
 
G. Volpi Lagreca, M. Alende, J. G. Andrae, and S. K. Duckett 
 
Department of Animal and Veterinary Sciences, Clemson University, Clemson, SC 29634, USA 
 
Abstract - Forty Angus steers (278 kg) were used 
to evaluate the effect of feeding treatment during 
stockering (Phase 1) and finishing (Phase 3) 
periods on carcass traits and meat quality. In 
Phase 1, steers were randomly assigned to a high-
concentrate diet or high-quality pasture. In phase 
2 all steers grazed high-quality pastures. In Phase 
3, each group defined in Phase 1 was randomly 
divided in two and assigned to high-concentrate 
diet or high-quality pasture. Steers finished on 
high-concentrate diets during Phase 3 had greater 
hot carcass weight; fat thickness; kidney, pelvic 
and heart fat; less red and less yellow Longissimus 
muscle; and darker less yellow subcutaneous fat. 
Finishing in Phase 3 on high-concentrate diets 
increased proportion of monounsaturated fatty 
acids, lowered the proportion of n-3 
polyunsaturated fatty acids (PUFA) and increased 
Warner Bratzler shear force compared to pasture. 
Steers fed high-concentrate diets in phases 1 and 3 
had greater marbling score, lower proportion of 
n-3 PUFA and higher proportion of n-6 PUFA 
compared to pasture. Early and late exposure to 






Among the factors influencing beef quality, 
feeding system and type of feed have received 
great attention (1, 2). However, most studies 
have focused only on the effects of finishing 
diets, with less research aimed at timing of 
exposure to high-concentrate diets and its effects 
on beef quality. Recent research has shown that 
feeding strategy during the stockering phase 
affects physical and chemical characteristics of 
beef (3, 4). Additionally, evidence suggests that 
timing of exposure to high energy diets could 
affect intramuscular fat deposition and other 
meat traits related to beef quality (5).  
Our study was designed to evaluate the effects 
of feeding treatment during the stockering and 
finishing phases on carcass traits and meat 
quality of steers. 
 
II. MATERIALS AND METHODS 
 
Forty Angus steers (278±21.4 kg, 9 mo.) were 
used to evaluate the effect of feeding treatment 
during stockering (Phase 1; 111 d; started 30 d 
after weaning) and finishing (Phase 3; to live 
weight endpoint of 568 kg) periods on carcass 
traits and meat quality. During Phase 1 steers 
were randomly assigned to high-concentrate diet 
or high-quality pasture. In phase 2, all steers 
grazed high-quality pasture for 98 days. During 
Phase 3, each group defined in Phase 1 was 
randomly divided in two and assigned to high-
concentrate diet or high-quality pasture. In Phase 
1, high-concentrate diet (13 % CP) was 
comprised of 65% cracked corn, 25% corn 
silage and 10% soybean meal. In Phase 3, high-
concentrate diet was comprised by the same 
feedstuffs used in Phase 1 at a different 
proportion to reach 11% CP. Steers fed on 
pasture during phases 1 and 3, and all steers 
during phase 2 grazed high quality forage 
(winter annuals (Avena sativa, Lolium 
multiflorum), alfalfa (Medicago sativa) and non-
toxic fescue (Lolium arundinaceum)). At the end 
of the experiment, steers were slaughtered at a 
commercial facility. At 24-h postmortem, 
carcasses were graded by trained personnel and 
a rib section encompassing the 6th to 12th ribs 
from the left side of each carcass was removed 
and shipped to the Clemson University Meat 
Laboratory, where they were maintained at 4ᵒC 
and fabricated into steaks (2.5 cm thick) at 48 h 
postmortem. One steak (12th rib) was used for 
proximal composition analysis, whereas 3 steaks 
(11th to 10th ribs) were removed, vacuum 
packaged and randomly assigned to postmortem 
aging treatments (2, 7 and 14 days, at 4°C). 
After postmortem aging treatment, samples were 
kept frozen at -20ᵒC until analysis.  
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Longissimus dorsi and subcutaneous fat color 
were assessed at 12th rib with a Minolta chroma 
meter (CR-310, Minolta Inc., Osaka, Japan) (50-
mm-diameter measurement area, D65 
illuminant). Moisture content was determined by 
weight loss after drying at 100 ᵒC for 24 h. 
Samples were freeze-dried and total lipids were 
extracted using an Ankom XT15 extractor with 
hexane as the solvent. Nitrogen content was 
determined by the combustion method using a 
Leco FP-2000 N analyzer, and crude protein 
(CP) was calculated multiplying nitrogen 
content by 6.25. Total ash content was 
determined by ashing at 600ᵒC for 8 h (6). For 
fatty acid profile analyses, samples were 
transmethylated according to Park and Goins 
(7). Fatty acid methyl esters (FAME) were 
analyzed using an Agilent 6850 (Agilent, San 
Fernando, CA) gas chromatograph. Separation 
of FAME was accomplished according to 
Duckett et al. (8). Fatty acids were quantified by 
incorporating an internal standard, methyl 
tricosanoic (C23:0) acid, into each sample after 
methylation and expressed as g/100 g of total 
fatty acids.  
For Warner Bratzler shear force (WBS) aged 
steaks were thawed (18 h, 4 ᵒC), broiled on 
electric grills (71 ᵒC), cooled down to room 
temperature, and six 1.27-cm-diameter cores 
were removed from each steak parallel to the 
longitudinal orientation of the Longissimus dorsi 
fibers. All cores were sheared perpendicular to 
the long axis using a Warner-Bratzler shear 
machine (G-R Manufacturing, Manhattan, KS). 
Adipocyte cell size of intramuscular and 
subcutaneous fat was determined by isolation of 
adipocytes according to Etherton et al. (9). 
Statistics analysis: Data were analyzed in a 
completely randomized design, including in the 
model Phase 1, Phase 3 and the two-way 
interaction, using Proc GLM of SAS (SAS Inst. 
Inc., Cary, NC). For WBS, postmortem aging 
and the respective two- and three- way 
interactions were added to the previous model. 
Degree of doneness was added as a covariate but 
since it was not significant (P>0.05) it was 
removed from the model.  
 
III. RESULTS AND DISCUSSION 
 
Average daily gain (ADG) was affected by 
Phase 3 (Table 1). Steers finished on a high-
concentrate diet gained +24.7% more than steers 
finished on pasture. Because of this, steers 
finished on pasture were slaughtered 49 days 
later to reach the target final body weight. Phase 
1 did not affect ADG. Hot carcass weight; 
dressing percentage; fat thickness and kidney, 
pelvic and heart fat were greater for steers 
finished on a high-concentrate diet in Phase 3 
compare to pasture (Table 1). Accordingly, size 
of subcutaneous adipocytes was greater in steers 
finished on a high-concentrate diet (Phase 3) 
than those finished on pasture (Table 1). 
Steers stockered on a high-concentrate diet 
(Phase 1) had greater ribeye area and lower 
skeletal maturity when they were finished 
(Phase 3) on a high-concentrate diet compared to 
steers finished on pasture (Table 1). Steers 
stockered on pasture (Phase 1) had greater yield 
grade when they were finished (Phase 3) on a 
high-concentrate diet than when finished on 
pasture (Table 1).  
Marbling score was affected (P<0.05) by 
finishing strategies as well as by Phase 1; steers 
stockered on a high-concentrate diet had a 
greater marbling score compared to those 
stockered on pasture (Table 1). According to 
Cianzio et al. (10), differences in adult adiposity 
seemed to be present early in adipose tissue 
development in terms of the number of 
preadipocytes. An apparent cell hyperplasia in 
intramuscular fat depot was shown to occur in 
cattle from 11 to 15 mo. of age (10). Despite 
differences in marbling score, the amount of 
total lipids did not differ (P>0.05) between 
treatments, and the average size of intramuscular 
adipocytes was only affected (P<0.0001) by 
Phase 3 feeding strategy (Table 1).  
Longissimus L* was not affected (P>0.05) by 
Phase 1 or Phase 3 feeding strategies (Table 1). 
Longissimus from steers finished on pasture was 
redder (higher a*) and more yellow (higher b*) 
compare to high-concentrate diet (Table 1). 
Steers stockered (Phase 1) on pasture showed a 
more yellow Longissimus color than those from 
high-concentrate diet (Table 1). The diet offered 
during the Phase 1 did not influence (P>0.05) 
the color score of subcutaneous fat, however, it 
was affected by Phase 3 (Table 1). Subcutaneous 
fat of pasture finished steers was 
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Table 1. Average daily gain, carcass traits, and fat cell size of steers fed on a high-concentrate diet or pasture during 
stockering (Phase 1) and finishing (Phase 3) periods. 









EE Phase 1 Phase 3 interaction 
n 10 10   9 10         
Average daily gain, kg/d 1.046 0.834 
 
1.020 0.820 0.0328 NS <0.0001 NS 
Hot carcass weight, kg 326.45 304.73 
 
323.38 297.18 6.570 NS 0.001 NS 
Dressing percentage, % 60.20 58.05 
 
59.09 56.64 0.374 0.002 <0.0001 NS 
Ribeye area, cm2 82.4 a 71.7 b 
 
76.6 ab 75.7 ab 2.09 NS 0.0102 0.0277 
Skeletal maturity2 155 b 174 a 
 
167 a 174 a 2.0 0.0029 <0.0001 0.0057 
Fat thickness, cm 1.08 0.89 
 
1.31 0.80 0.130 NS 0.012 NS 
KPH3, %  2.2 1.9 
 
2.4 1.6 0.15 NS 0.001 NS 
Yield grade 2.65 ab 2.74 ab 
 
3.17 a 2.34 b 0.200 NS NS 0.0271 
Marbling Score 4 580 531 
 
508 472 20.5 0.0033 0.0495 NS 
LM5  L* 43.9 42.1 
 
42.2 42.3 0.68 NS NS NS 
LM   a* 25.0 28.7 
 
25.5 29.6 0.41 NS <0.0001 NS 
LM   b* 10.6 11.6 
 
10.9 12.2 0.20 0.0275 <0.0001 NS 
s.c.6 L* 75.9 77.8 
 
75.1 78.1 1.06 NS 0.0285 NS 
s.c.   a* 9.6 12.2 
 
10.2 12.5 0.76 NS 0.0038 NS 
s.c.   b* 18.9 22.0 
 
19.4 22.9 0.88 NS 0.0007 NS 
LM fat cell size, μm 63.7 52.3 
 
59.2 53.9 1.58 NS <0.0001 NS 
s.c. cell size, μm 62.3 54.7   57.9 51.3 2.22 NS 0.0033 NS 
1NS: statistically no significant (p>0.05); 2Skeletal maturity: 100-199= A; 3KPH: kidney, pelvic and heart fat as percentage of 
carcass weight; 4Marbling score: 400= slight0 500= small0; 5LM: Longissimus dorsi; 6s.c.: subcutaneous fat. 
lighter (higher L*), redder (higher a*), and more 
yellow (higher b*) compared to high-concentrate 
diet. Longissimus fatty acid profile is shown in 
Table 2. The proportion of saturated fatty acids 
was not influenced (P>0.05) by any phase. 
Steers finished (Phase 3) on a high-concentrate 
diet showed a greater proportion of 
monounsaturated fatty acid compared to pasture. 
Polyunsaturated fatty acid omega 6 (PUFA n-6) 
proportion was higher for steers stockered 
(Phase 1) on high-concentrate diet compared to 
pasture, however, it was not affected by the diet 
offered during Phase 3. The proportion of PUFA 
n-3 was greater in steers finished (Phase 3) on 
pasture compared to high-concentrate diet and 
was increased in animals stockered (Phase 1) on 
pasture compared to high-concentrate diet 
regardless the Phase 3 finishing strategy. 
Similarly, Pordomingo et al. (4) observed a 
greater proportion of PUFA n-3 for heifers 
 
Table 2. Proximal composition, fatty acid profile and Warner Bratzler Shear force (WBS) of Longissimus dorsi of 
steers fed on a high-concentrate diet or pasture during stockering (Phase 1) and finishing (Phase 3) periods. 






concentrate Pasture EE Phase 1 Phase 3 Interaction 
Proximal composition2                   
    Moisture 72.56 72.77 
 
72.95 73.10 0.299 NS NS NS 
    Total lipids 4.63 4.09 
 
4.25 3.73 0.358 NS NS NS 
    Crude protein 20.47 21.50 
 
20.93 21.56 0.206 NS 0.0003 NS 
    Ash 1.20 1.12 
 
1.40 1.13 0.086 NS NS NS 
Fatty acid profile3 
             SFA4 44.47 44.72 
 
46.26 45.12 0.589 NS NS NS 
    MUFA5 44.64 42.59 
 
43.63 42.72 0.494 NS 0.0055 NS 
    PUFA6 4.18 4.85 
 
4.41 4.30 0.298 NS NS NS 
    PUFA n-6 3.20 3.28 
 
2.84 2.48 0.209 0.0099 NS NS 
    PUFA n-3 0.98 1.57 
 
1.57 1.82 0.107 0.0005 0.0004 NS 
    PUFA n-6/PUFA n-3 3.28 a 2.18 b 
 
1.83 c 1.36 d 0.069 <0.0001 <0.0001 <0.0001 
WBS, kg 3.59 2.73   3.50 2.90 0.172 NS 0.0001 NS 
1NS: statistically no significant (p>0.05); 2g/100 g wet basis; 3g/100 g of total fatty acids; 4SFA: saturated fatty acids; 5MUFA: 
monounsaturated fatty acids; 6PUFA: polyunsaturated fatty acids. 
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stockered on pasture compared to high-
concentrate diet. Steers fed on a high-
concentrate diet during Phase 1 showed higher 
PUFA n-6/PUFA n-3 ratios compare to pasture. 
Similarly, Pordomingo et al. (4) reported higher 
PUFA n-6/ PUFA n-3 ratio for pasture finished 
heifers backgrounded on a high-concentrate diet 
compared to pasture. Warner Bratzler shear 
force (WBS) was not affected by Phase 1 diet 
(Table 2). However, feeding the animals on a 
high-concentrate diet during Phase 3 increased 
(P<0.0001) the mean WBS of steaks compared 
to those finished on pasture. We hypothesize a 
greater hypertrophy of muscle fibers in the 
animals finished in a high-concentrate diet, 
which can be confirmed by a larger REA. There 
was a significant interaction (P<0.05) between 
postmortem aging and Phase 3; WBS was 
greater for steers finished on a high-concentrate 
diet compared to pasture at day 2 of postmortem 
aging, but it was similar (P>0.05) at days 7 and 




Figure 1.Warner Bratzler Shear force (WBS) of 
steaks aged for 2, 7 or 14 d. --■--, high-concentrate 
diet (Phase 1) - high-concentrate diet (Phase 3); ‒▲‒, 
pasture (Phase 1) - high-concentrate diet (Phase 3); 
˗˗●˗˗, high-concentrate diet (Phase 1) - pasture (Phase 




Timing of exposure to high-concentrate diets 
altered beef quality composition. Similar quality 
composition could be achieved with an early or 
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Abstract – This study evaluated the effects of four 
treatments: (C) Control diet including A, D and E 
vitamin; (V) Control diet plus 50% A, D and E 
vitamin; (E) Diet including 0.16% of plant 
extracts (DM basis); (A) Diet with association of 
these two additives [ 50% A, D and E vitamin + 
0.16% of plant extract (DM basis) ] on meat 
quality and muscle chemical composition of fifty-
six Nellore young bulls. Animals were maintained 
in individual pens for 105 days (finishing phase). 
After the slaughter, carcasses were identified and 
cooled for 24 hours. Longissumus samples were 
obtained to determine meat quality (color, water 
holding capacity and shear force) and muscle 
chemical composition (Moisture, crude protein, 
ether extracts, ash). There were no effects of 
treatments for meat quality (P > 0.10), and muscle 
chemical composition   (P > 0.10). In conclusion, 
the inclusion of plant extracts, vitamins and their 
associations not affected the meat quality 
characteristics and muscle chemical composition   
of Nellore cattle. 





Plant extracts has been used on human health 
during a long time (4000 BC in the Eufrat and 
Tigris areas) because of their medicinal 
properties [1], however, at the last 10 years the 
livestock global market showed an increasing 
interest regarding the use of plant extracts in 
animal industry as a natural alternative to 
synthetic chemical drug and growth promoters 
[2]. Furthermore, the plant extracts are an 
inexpensive alternative and considered 
environmentally safe [3].  
In the livestock production, plant extracts can act 
as functional antimicrobial agents, controlling 
the populations of gram + bacteria, changing the 
acetate/propionate ratio, reducing methanogen 
deamination of peptides, providing increased 
energy consumption and true protein in the post 
rumen. Consequently, animals fed with plant 
extracts may have greater weight gain and feed 
efficiency, providing a better carcass quality [4]. 
The objective of the present study was to 
investigate the use of plant extracts, vitamins A, 
D and E and their association on meat quality 
and muscle chemical composition of Nellore 
feedlot cattle. 
 
II. MATERIALS AND METHODS 
 
The study was performed at Regional Pole of 
Technological Development of Agribusiness –
Colina, São Paulo, Brazil. Animals were cared 
for in accordance with acceptable practices and 
experimental protocols reviewed and approved 
by the Ethics Animal Use Committee of the 
Universidade Estadual Paulista. Fifty-six Nellore 
young bulls (aged 22 ± 2 months, initial weight 
± 300 kg) were used in a complete random block 
design over 105 days (21 and 84 days, for 
adaptation and trial period, respectively). 
Animals were maintained in individual pens, 
randomly assigned to one of four treatments:  
(C) Control diet including A, D and E vitamin; 
(V) Control diet plus 50% A, D and E vitamin; 
(E) Diet including 0.16% of plant extracts (DM 
basis); (A) Diet with association of these two 
additives [50% A, D and E vitamin + 0.16% of 
plant extract (DM basis)]. The treatments 
provided the same diet for all animals (85 and 
15%, for concentrate and forage, respectively), 
varying only the inclusion of the different 
additives. Further, all treatments received 
monensin (30 mg/kg of concentrate). At the end 
of the finishing period, the young bulls were 
slaughtered. Carcasses were identified, weighed 
and refrigerated at 4°C for 24 hours. Meat 
samples (2.5 cm) were obtained at Longissimus 
(left side of carcass) to determine the muscle 
colour (Minolta CR-410), water holding 
capacity , and shear force (TAX-T2 plus texture 
analyzer; Texture Technologies Corp, Scarsdale, 
NY) according to the methods previously 
described [5, 6]. Others Longissimus samples 
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(2.5cm) were obtained to determine muscle 
chemical composition according to the methods 
described [7]. Data were analyzed with the 




III. RESULTS AND DISCUSSION 
 
In the current study, plant extracts combined 
with ADE vitamins had no effect on meat 
quality (P > 0.10). In muscle colorimetric 
measurements, L values were not affected by 
treatments (P > 0.10), the same was observed 
to intensity of color measured as “a” and “b (P 
> 0.10). No effects of treatments (P > 0.10) 
were observed for meat shear force (4.50, 5.15, 
5.12, 4.95 kg/cm2 for diets C, V, E, A, 
respectively). Different results were observed 
in studies with E vitamin supplementation, 
which shows meat color stability in Angus 
Cattle [9]. In experiments with oregano 
essential oil, the use of plant extract changed 
the color of the meat compared to the control 
treatment, according to the authors, probably 
the plant extract decreased hemoglobin 
oxidation and activated mechanisms that 
modify the distribution of pigments in animal 
tissues, however, the same supplementation 
did not influence shear force of lamb meat 
[10]. Supplementation with plant extract and A, 
D and E vitamin did not alter (P = 0.75) water 
holding capacity  when compared to control 
animals, unlike others studies which found 
increase protein deposition and improve in the 
water holding capacity in carcass of pigs that 
received plant extracts in the diet [11, 12]. In 
study with Angus cattle were observed 
increase of subcutaneous and intramuscular fat 
when animals received the combination of no 
diet supplementation of A and D vitamin [13]. 
In the present study, the chemical composition 
of the muscle was not altered by 
supplementation with plant extract and vitamin 









Table 1. Chemical composition of muscle of 
Longissimus of Nellore feedlot cattle receiving four 
treatments 
Chemical 
composition (%) Treatments 
 
P 
 C V E A 
 
 
Moisture 76.63 76.65 76.23 76.23 NS 
Crude protein 21.65 22.01 22.26 22.07 NS 
Ether extract 13.67 12.37 12.27 12.87 NS 
Ash 4.03 4.15 4.31 4.09 NS 
(C) Control diet including A. D and E vitamin; (V) 
Control diet plus 50% A. D and E vitamin; (E) Diet 
including 0.16% of plant extracts (DM basis);  (A) 
Diet with association of these two additives [50% 
A. D and E vitamin + 0.16%  of plant extract (DM 




In conclusion, the inclusion in the diet of 0.16% 
of plant extracts combined with A. D and E 
vitamins not affected the meat quality and the 
muscle chemical composition of Nellore 
cattle.                                       .   
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Abstract –Two hundred and twenty-four crossbred 
steers were used to evaluate the impact of calf-fed 
(harvested at 11-14 mo of age) vs. yearling-fed 
(harvested at 19-23 mo of age) production systems 
with and without aggressive growth implant, on the 
physiological indicators of chronological age. There 
were significant interactions (P < 0.001) between the 
production system and the implanting strategies on 
the frequencies of the carcasses showing ossification 
in the sacral, lumbar and thoracic vertebral column 
portions. The results indicate physiological age of 
the carcasses might be dramatically impacted 
depending on the combination of the production 
system and growth implant strategy. However, when 
birth date documentation is not available, a 
compendium of descriptors (dentition and 
ossification processes at the vertebrae) should be 
taken into consideration in order to establish the 




In the absence of verifiable chronological age such 
as birth records, both dentition and carcass 
ossification have been used as physiological 
indicators. Changes in production practices may 
have altered the relationship between 
chronological age and physiological maturity [1]. 
These changes to the physiological age associated 
with different production strategies may impact 
the proportion of carcasses that can qualify for 
export markets that have imposed chronological 
age restrictions. In addition, physiological 
maturity is also an important consideration in the 
determination of meat quality, as it is generally 
accepted that beef tenderness decreases with 
increasing maturity [2]. For this reason, maturity is 
also considered a key factor in most of the beef 
quality grading systems [3].  
 
In North America post-weaned calves are either 
directed to an intensive, calf-fed or an extensive, 
yearling-fed beef cattle production system. 
Integrated into these two beef production systems 
is the use of hormonal growth implants as a 
routine management practice. Hormonal growth 
promotants are well known to improve feed 
efficiency, weight gain and muscle growth in 
grazing and feedlot cattle resulting in substantial 
economic gains [4]. Combinations of implants that 
contain estrogenic and androgenic hormones are a 
common practice in the cattle industry and they 
produce a greater response than single-hormone 
implant strategies [5]. However, implanting steers 
and heifers with estrogenic growth-promotants, 
especially in combination with trenbolone acetate 
(TBA), also advances skeletal maturity [6] with 
the consequent impact on beef quality.  
 
The objective of this study was to determine the 
impact of calf-fed vs. yearling-fed production 
systems with and without aggressive growth 
implant, on the physiological indicators of 
chronological age. 
 
II. MATERIALS AND METHODS 
 
All animals were maintained and cared for 
according to the guidelines of the Canadian 
Council on Animal Care [7]. Over two years, 
224 crossbred steer calves of known 
chronological age were allotted to a 2×2 
factorial arrangement of treatments to determine 
the effect of production system (calf-fed 
harvested at 11-14 mo of age; yearling-fed 
harvested at 19-23 mo of age) and growth 
implant (non-implant; implant) on physiological 
indicators of chronological age. Steer calves 
were allocated to production systems and 
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implant groups based on birth date, calf weight 
(42.2 kg, SD=6.3 kg) and dam age (4.8 yr, 
SD=2.7 yr). Each year one-half (n = 56) of the 
calf-fed and yearling-fed steers were implanted 
at prescribed intervals with 200 mg progesterone 
and 20 mg estradiol benzoate (Component E-S, 
Elanco-Animal Health). In both, calf-fed and 
yearling-fed steers, the last implant was with 
120 TBA and 24 mg estradiol (Component TE-S, 
Elanco-Animal Health) approximately 90-100 d 
before slaughter. Further information on the 
production systems and experimental treatments 
is detailed by López-Campos et al. [8].  
 
All steers were targeted to be slaughtered at a 
constant backfat end point of 8-10 mm. At the 
time of slaughter, two experienced evaluators 
estimated steer age using dentition pictorial 
standards [9]. Based on this system, animal age 
is scored as: Score 3, ≤14 mo; Scores 4 & 5, 15-
18 mo; Scores 6, 7 & 8, 18-24 mo; Scores 9 & 
10, 24-30 mo; and Score 11 or higher, >30 mo. 
An experienced evaluator using the criteria 
established in the Canadian beef age verification 
study [10] assessed the physiological maturity 
on the carcasses. The primary foci of the 
evaluations for maturity were the caps of the 
lumbar vertebrae, the caps of the thoracic 
vertebrae and the segments and caps of the 
sacral vertebrae. The lumbar score system was: 
Score 0 no islands of ossification; Score 1, one 
short island; Score 2, two short islands; Score 3, 
one long or thick island, or two moderately long 
islands; Score 4, two long islands with short 
gaps between them; and Score 5, two islands 
fused with a single island extending nearly 
across the width of the cap. Carcasses having a 
lumbar score greater than 2 were rejected from 
the eligible pool as being >21 mo of age. 
Carcasses receiving lumbar scores of 2 or less 
were further evaluated, with particular emphasis 
on the degree of separation between the sacral 
segments and the amount of cartilage evident in 
the sacrum. In order to qualify for the under 21 
mo of age group, the separation between the 
sacral segments must show no evidence of any 
two segments beginning to fuse together. 
Additionally, if the ossification islands over the 
sacral segments were fused together, or if the 
islands were not fused, but were thick and 
extended widely over each segment, then the 
carcass was rejected. Thoracic vertebrae, 
carcasses with buttons, or evidence of 
ossification in the cartilaginous caps were 
rejected from the eligible pool. All data were 
analyzed with the PROC FREQ [11]. Partial 
least squares discriminant analysis (PLS2-DA) 
was applied to segregate the carcasses into <21 
mo of age (eligible) or >21 mo of age (non-
eligible) (The Unscrambler®). 
 
III. RESULTS AND DISCUSSION 
 
There were significant interactions (P < 0.001) 
between the production system and the 
implanting strategies on the frequencies of the 
carcasses showing ossification in the sacral, 
lumbar and thoracic vertebral column portions 
(Figure 1). In the calf-fed steers, 59% of the 
non-implanted and 2% of the implanted 
carcasses were at earlier stages of physiological 
maturity and did not show any evidence of 
fusion in the sacral portion of the vertebral 
column. In the lumbar portion of the vertebral 
column, none of the non-implanted calf-fed 
steers showed any ossification (score 0), while 
most of the implanted calf-fed steers (80%) 
showed varying degrees of ossification (scores 
1-5). In the yearling-fed steers, all the carcasses 
from the implanted animals showed advanced 
ossification ranging from two islands (score 3, 
17% and score 4, 15%) to a long fused island on 
the vertebral cap (score 5, 67%). On the contrary, 
66% of the non-implanted yearling-fed steers 
did not show any osseous formations in the 
lumbar vertebral caps (score 0) and 26% showed 
a single island (score 1) with minimal 
frequencies in the remaining scores (scores 2, 3 
and 5, 3% each). Implanted yearling-fed steers 
(96%) clearly showed ossification in the thoracic 
portion, while most of the non-implanted 
yearling-fed (98%) and both implant groups of 
the calf-fed steers (non-implanted 100% and 
implanted 91%), did not show ossification in the 
thoracic caps. These results support that the 
physiological maturity of the carcasses might be 
dramatically impacted depending on the 
combination of the production system and 
growth implant strategy. Advanced ossification 
may result in non-eligible carcasses for specific 
markets or branded programs with a subsequent 
impact on the beef industry profits. For example, 
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until January 2013, the Japanese market only 
accepted beef from cattle that were less than 21 
mo of age at the time of slaughter.  
 
 
aCalf-fed × implanting strategy χ2 P < 0.001; Yearling-fed x implanting 
strategy χ2 P = 0.5. bNo-oss: No presence of the ossification processes. 
cOss: Presence of the ossification processes. 
 
 
aCalf-fed × implanting strategy χ2 P < 0.001; Yearling-fed x 
implanting strategy χ2 P < 0.001. bLumbar score (10). 
 
 
aCalf-fed × Implanting strategy χ2 P = 0.03; Yearling-fed x 
Implanting strategy χ2 P < 0.001. bNo-oss: No presence of the 
ossification processes. cOss: Presence of the ossification processes. 
Figure 1. Interaction effects between production 
systems×implant strategies on ossification processes at 
the sacral (I), lumbar (II) and thoracic (III). 
According to birthdate, 100% of calf-fed and 22% 
of yearling-fed animals were <21 mo of age. 
However, using physiological age estimates based 
on ossification as proposed by Robertson et al. 
(10) only 2% of the implanted, while 55% of the 
non-implanted calf-fed steers were considered 
eligible for <21 mo of age and hence eligible for 
the Japanese market (Data not shown). At the 
same time, 100% of both implanted and non-
implanted yearling-fed steers were considered >21 
mo and non-eligible.  
 
When the dentition score and all the ossification 
scores were used to discriminate into eligible (<21 
mo of age) or non-eligible (>21 mo of age) 
carcasses in the overall population, the regression 
model developed using a PLS2-DA correctly 
classified 88.2% of the <21 mo of age carcasses 
and 63.6% of the >21 mo of age. Similar results 
were observed when the calibration model used 
dentition, lumbar and thoracic scores (87.8% and 
63.2% eligible and non-eligible carcasses correctly 
classified, respectively), which indicated that the 
sacrum score did not provide much information 
for discrimination. The percentage of misclassified 
carcasses over 21 mo of age was high (36.4%); 
further examination showed that all carcasses 
corresponded to the non-implanted yearling-fed 
(Table 1).  
Table 1. Results obtained by partial least squares 
discriminant analysis using dentition and ossification 
scores (thoracic, lumbar and sacrum) to segregate into 
eligible (<21 mo of age) or non-eligible (>21 mo of age) 
carcasses on the overall population. 
  Classified 









Eligible 88.2 11.8 
 Non-eligible 36.4 63.6 
Dentition+thoracic+lumbar Eligible 87.8 12.2 
 Non-eligible 36.8 63.2 
Thoracic+lumbar Eligible 87.8 12.8 
 Non-eligible 44.1 55.9 
Dentition+thoracic Eligible 87.8 12.2 
 Non-eligible 44.1 55.9 
 
As previously discussed, implanting practices have 
an impact on physiological ossification thus 
introducing a treatment variable which reduces the 
ability of the model to discriminate on a 
chronological age basis. In addition, both 
development and verification stages of the 
ossification scoring criteria used in the present 
study [10] used cattle from commercial sources, 
which mostly (90%) receive some type of growth 
promotant [12]. When only two criteria were 
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thoracic and lumbar ossification or dentition and 
thoracic scores, the percentage of <21 mo of age 
carcasses correctly classified was similar (87.8%) 
to that found for the overall population (88.2%). 
However a decrease in the number of >21 mo of 
age carcasses correctly classified (55.9% vs. 
63.6%) was observed (Table 1). These results 
suggest that when birth date documentation is not 
available, a compendium of descriptors should be 
taken into consideration in order to establish the 
eligibility of the carcass to meet certain age 
criteria. In addition, since dentition score equates 
to a range of chronological age, there are potential 
gaps that dentition criteria may not cover, and in 





The results of the present study confirm that 
production system and growth promotants affect 
ossification. Use of growth implants in a calf-fed 
production system accelerated the ossification 
process in younger animals, thus having a 
dramatic effect on numbers of animals eligible to 
be categorized as <21 mo of age based on 
physiological maturity evaluation. A compendium 
of descriptors based on dentition and ossification 
processes at the thoracic, lumbar and sacral 
vertebrae should be taken into consideration in 
order to ensure accurate estimation of 
chronological age of cattle when birth date 
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Abstract – The objective of this study was to 
evaluate the effect of different levels of forage 
allowance grazing on annual winter crop and 
rice bran (RB) supplementation on animal 
performance and carcass traits in Hereford cull 
cows. Forty Hereford cull cows (480 kg of live 
weight; LW) were randomly assigned to four 
treatments (T) as result of combining two levels 
of forage allowance (FA: 2 % and 4 % LW) and 
supplementation (S: 0.8% and 1.6 % LW of 
RB), where: T1=4% FA + 0% S; T2=2% FA + 
0% S; T3=2% FA + 0.8% S; T4=2% FA + 1.6% 
S. At the beginning of the experiment, animals 
did not have significant differences (P>0.05) in 
LW. However, by the end of the experimental 
period, lower LW (P<0.05) was observed in T2 
compared to the rest of the T. The same 
tendency was observed in the ultrasound 
measurements in particular the back fat 
thickness (P<0.05) and no difference was found 
in the rib eye area and marbling (P>0.05) traits. 
The nutritional strategy did not affect (P>0.05) 
hot and chilled carcass weights. Nevertheless, 
pistol cut (PC) and its boneless cuts (Striploin, 
Tenderloin, Rump) T4 were higher (P<0.05) for 
T1, T3 and than those for T2. A higher level of 
forage allowance or the addition of supplements 
under grazing conditions during the winter 
fattening period improved cull cows 
performance and quality carcass. 
 
KEYWORDS: nutritional strategies, cow, 




I. INTRODUCTION  
 
Various productive and economic factors exert 
strong pressure for more efficient livestock 
production systems in Uruguay, resulting in 
the intensification of productive systems. 
Several domestic studies have demonstrated 
that efficiency associated with better pasture 
management and supplementation significantly 
increases productivity and farm profitability. In 
turn, cow slaughtering in Uruguay holds a very 
important position, being on  average 45% 
(during  the last 10 years) (1) of total slaughter. 
Several trials carried out by INIA proved that 
supplementation in cattle improve animal 
performances and carcass traits (2) (3). 
However, national research in fattening cull 
cows is scarce and more studies are need to 
evaluated ways to improve product quality in 
this important Uruguayan exporting category. 
The objective of this study was to evaluate the 
effects of different levels of forage allowance 
using an annual winter crop combined with 
rice bran supplementation on animal 
performance and carcass traits on cull cows in 
Uruguay.   
 
II. MATERIALS AND METHODS 
 
This experiment was carried out at “Glencoe 
Experimental Unit” – INIA Tacuarembó, 
situated in the Basaltic region of Uruguay. The 
experiment lasted 130 days. Forty Hereford 
cull cows, with an average initial live weight 
(LW) of 480.2 ± 10.1 kg grazing on annual 
winter crop made up of oat (Byzantine cv. 
Halley INIA) and spontaneous annual 
ryegrass, were allotted randomly to four 
treatments (T): T1 forage allowance of 4% 
(LW), T2 forage allowance 2% LW, T3 forage 
allowance 2% LW plus rice bran 
supplementation (RB) at 0.8% LW and T4 
forage allowance 2% LW plus rice bran at 
1.6% LW. The trial was conducted on two 
replicates, where each replicate was divided 
into four plots. The animals of the 
supplemented treatments had an intake 
adaptation period prior to the beginning of the 
experiment.  The supplement was distributed 
once a day in the early hours of the morning. 
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During the whole experiment animals had free 
access to fresh water and mineral blocks. 
 
The measurements taken on animals were 
weekly LW gain and fasted LW gain every 42 
days. For T3 and T4, feed intake was adjusted 
every 14 days, according to the average LW of 
the animals of each plot. The variables 
measured in vivo were rib eye area (REA), 
back fat thickness (BFT) and marbling by 
ultrasound scanning at the beginning of the 
trial and every 28 days. The cull cows were 
slaughtered at a commercial packing plant. 
After slaughter, carcasses were graded (4) 
and hot carcass weight (HCW) was 
recorded. After 48 hours of chilling, carcasses 
were cut between 10 – 11er ribs and separated 
into primal cuts (PC). The pistol cut and its 
boneless cuts (Striploin, Tenderloin and Rump; 
R& L) were weighed. The statistical design 
was random plot model with two replicates for 
the treatments described above. The animal 
data was analyzed as repeated measurements, 
through the MIXED procedure of SAS and the 
results of carcass quality were analyzed by the 
GLM SAS procedure (5). LS means and 
differences among treatments were estimated 
(P<0.05 or <0.01).  
 
III. RESULTS AND DISCUSSION 
 
The effect of different feeding strategies on 
animal performance is shown in Table 1. At 
the beginning of the experiment, no significant 
differences were observed in live weight and 
fasted live weight. At the end of the study, 
cows from T2 had lower final LW and LW 
gain (P<0.05) in comparison with T1, T3 and 
T4. From the measurements taken by 
ultrasound (REA, BFT and IMF), the only 
significant differences found in BFT (P<0.01), 
having the same trend observed for LW. 
Different studies have proved that the use of 
supplementation in steers enhances the 
efficiency of feed utilization without 
compromising and even improving animal LW 
gain (6). Differences in LW gain and the effect 
of forage allowance resulted in different 
production per unit area during the study (450, 
692, 691 and 744 kg LW/ha for T1, T2, T3 and 
T4, respectively). Luzardo et. al.(2008) with 
similar experimental design, obtained alike 
findings. 
 
The effect of different treatments on carcass 
traits is shown in Table 2. The different 
feeding strategies promoted differences in 
HCW, pistol cut and R&L (P<0.05) weights, 
where, in general, T2 had lower values than 
T1, T3 and T4. However, when the variables 
were adjusted by final LW, these differences 
disappeared, showing the key effect of this 
variable. Studies carried out by del Campo et. 
al. (2007) comparing grazing systems and 
grain supplementation levels did not detect 
differences (P>0.05) in the weight for R&L.  
 
Table 1. Results of animal performance traits 
for cull cows under the influence of different 
feeding strategies. 
 
Variable T1 T2 T3 T4 P 
Initial LW 
(kg) 
480.6 480.2 480.5 479.5 ns 
Final LW (kg) 605.2a 539.3b 608.4a 620.8a * 
Initial fasted  
LW (kg) 
451.8 451.4 451.7 450.7 ns 
Final fasted 
LW (kg) 
575.6a 519.4b 583.1a 598.4a * 
LW gain 
(kg/a/d) 
0.95a 0.52b 1.01a 1.13a ** 
Final REA 
(cm2) 
68.2 66.5 70.0 68.2 ns 
Final BFT 
(mm) 
9.99a 6.13b 10.29a 10.33a ** 
Final IMF (%) 3.27 3.25 3.37 3.35 ns 
Note: a, b = means with different letters among columns 
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Table 2. Results of carcass traits for cull cows 
under the influence of different feeding 
strategies. 
 
Variable T1 T2 T3 T4 P 
HCW 
(kg) 
292.0ab 266.2b  295.8a 309.3a * 
PC (kg) 68.7a 62.4b 68.4a 71.2a * 
R&L 
(kg) 
13.9a 12.4b 13.9a 14.6a * 
Tenderlo
in (kg) 
2.2 2.1 2.1 2.3 ns 
Striploin 
(kg) 
5.7a 4.9b 5.7a 6.1a * 
Rump 
(kg) 
6.1a 5.4b 6.1a 6.3a * 
Note: a, b = means with different letters among columns 




Animal performance and carcass quality traits 
in fattening cull cows systems can be improved 
by more efficient pasture management and/or 
the inclusion of supplementation under grazing 
conditions. Compared to grazing treatments 
(T1 and T2), increased forage allowances 
promote LW gains, resulting in higher carcass 
weight and value cuts weights. In addition, the 
implementation of supplementation with lower 
forage allowance (T3 and T4) enhances the 
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Abstract – The objective this work was to study 
the effect of different nutritional strategies on 
meat quality and fatty acid composition in cull 
cows in Uruguay. The experiment combined 
different levels of forage allowance (FA) grazing 
a winter crop (oat and ryegrass) and the use of a 
supplement (rice bran; RB), for 130 days. Forty 
Hereford cull cows (480 kg of live weight; LW) 
were randomly assigned to four treatments  (T) 
as a result of combining two levels of forage 
allowance (FA) and supplementation: T1=FA 4 
% LW, T2=FA 2% LW, T3=FA 2% LW + RB 
0.8% LW and T4=FA 2% LW + RB 1.6 % LW. 
The content of intramuscular fat (IMF), 
tenderness, colour and ultimate pH of 
Longissimus dorsi (LD) muscle  aged for 7 and 
14 days, were not affected by T (P>0.05).  
Linoleic acid (18:2 n-6) content was higher 
(P<0.01) in T receiving supplement (T3 and T4) 
and the opposite occurred for Linolenic acid 
(18:3 n-3) in T only based on pasture (T1 and 
T2).  Similar trend was observed  for  long chain 
arachidonic (20:4 n-6), eicosapentaenoic – EPA 
(20:5 n-3), docosapentaenoic – DPA (22:5 n-3) y 
docosahexaenoic – DHA (22:6 n-3) fatty acids, 
where the concentrations were significantly 
higher for T2 in comparison to T1, T3 and T4 
(P<0.05). The conjugated Linoleic acid (CLA) 
content, saturated fatty acids (SFA), 
monounsaturated (MUFA) and polyunsaturated 
(PUFA) fatty acids did not differ between T. The 
omega6/omega3 (n6/n3) ratio was different 
between T (P<0.01) and ranged between 1.88 
and 3.72, being T1 = T2 < T3 = T4.  This study 
demonstrated that the different nutritional 
strategies did not influence the quality 
characteristics of the meat´s quality traits 
studied. However, the diets had a marked effect 
on fatty acid composition. 
 
KEYWORDS: feeding systems, cows, meat 







I. INTRODUCTION  
 
One of the challenges that the Uruguayan meat 
industry faces nowadays, is to meet the 
increasing demand of high quality meat 
required by the international market. To 
achieve this goal is required to development 
and adapt option technologies that enhance 
productivity and farm profit as well as 
promoting  product quality and human 
health. National and international research 
have established that different feeding 
strategies in steers (pasture versus concentrates 
feeding) influence meat quality traits and fatty 
acid composition. In Uruguay, during the last 
10 years, cow slaughtering holds a very 
important position in the overall national 
slaughter, being on average 45% (1). However, 
national research in fattening cull cows is 
scarce and more studies need to be established 
to further improve product quality in this 
important Uruguayan exporting category. 
Therefore, the objective of this study was to 
evaluate the effect of different levels of forage 
allowances combined with the use of rice bran 
supplementation during winter on meat quality 
traits and fatty acid composition in Hereford 
cull cows. 
 
II. MATERIALS AND METHODS 
 
This experiment was carried out at “Glencoe” 
Experimental Unit – INIA Tacuarembó, 
situated in the Basaltic region of Uruguay. 
Forty Hereford cull cows, with an average 
initial live weight (LW) of 480.2 ± 10.1 kg, 
grazing on annual winter crop (oat + ryegrass) 
were randomly assigned to four treatments (T) 
for 130 days:  T1=forage allowance (FA) of 
4% LW, T2=FA 2% LW, T3=FA 2% LW plus 
rice bran (RB) supplementation (S) 0.8% LW 
and T4=FA 2% LW plus S 1.6% LW. The 
animals were divided into two replicates of 
four plots each. The animals of the 
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supplemented treatments had a S intake 
adaptation period (10 days) prior to the 
beginning of the experiment. The supplement 
was distributed once a day in the early hours of 
the morning. During the whole experiment 
animals had free access to fresh water and 
mineral blocks. The forage used was Byzantine 
oat (cv. INIA Halley) and spontaneous 
ryegrass plants   generated from previous 
seedings. Animal measurements were taken 
weekly for LW gain and every 42 days for 
fasted LW gain. For T3 and T4, the feed intake 
was adjusted every 14 days, according to the 
average LW of the animals of each plot. The 
cull cows were slaughtered at a commercial 
packing plant with an average LW of 593.4 kg. 
After slaughter and 48 hours post mortem, 
carcasses were cut apart between 10-11th ribs 
and separated into primal cuts. Measurements 
on meat quality and fatty acid composition 
were taken on the Longissimus dorsi (LD) 
muscle. At 48 hours post mortem, ultimate pH 
was recorded using pHmeter (Hanna HI 9125) 
with a gel device. Meat marbling was 
determined according to the Classification 
System of the USDA Quality Grade. Two 
steaks 2.54 cm thick, were vacuum packaged 
individually and aged for 7 and 21 days at 2-
4°C for meat colour measurements (parameters 
L*, a* and b* with a Minolta CR 400 
colorimeter) and toughness determination 
(Warner Bratzler model D2000-WB). The LD 
steaks were placed inside polyethylene bags 
and cooked in a cater bath until an internal 
temperature of 70°C was achieved. Six 1.27 
cm diameter cores were removed from each 
steak, parallel to the muscle fibers orientation. 
A single peak shear force measurement shear 
force measurement was obtained for each core 
using WB and an average value was calculated 
for each steak. Total lipid content was 
measured by solvent extraction based on the 
Folch et al. (1957) method and fatty acids were 
quantified by gas chromatography. Fatty acids 
are expressed as a percentage of the sum of all 
fatty acids measured. Results were analyzed by   
variance test using the GLM procedure of SAS 
(3). LS means and differences among 
treatments were estimated (P<0.05 or P<0.01).  
 
III. RESULTS AND DISCUSSION 
 
The effect of feeding treatments on meat 
quality traits are shown in Table 1. There were 
no differences in ultimate pH values between 
treatments, all of them being below 5.8. 
Similar findings are suggested by (4), where 
WBSF values with 7 or 21 days of aging were 
similar among treatments (P>0.05). However, 
a difference can be ascertained between 
different times of aging. With 7 days of aging, 
in T1, T2 and T3, 60% of de samples displayed 
values above 4.5 kgF and in T4 this value was 
found in 70% of the samples. On the other 
hand, with 21 of days of aging, 100% of the T1 
and T2 samples displayed values below 4.5 
kgF, while T3 and T4 registered 90% of the 
samples with this value. Muscle colour is an 
important parameter used by consumers for 
purchasing decisions. With 7 and 21 days of 
aging, treatments had similar values for L*, a* 
and b* (P>0.05). In similar studies with steers 
(4), found comparable tendencies. In another 
trial performed (5) in Uruguay, under more 
intensive steer finishing regimes, tenderness 
values were generally higher and a* and b* 
parameters were affected significantly by the 
production system (5) (6). The different 
feeding strategies were not significantly 
different (P>0.05) for intramuscular fat 
content, although a trend was observed 
towards a lower content in T2.  
 
The fatty acid composition of the 
intramuscular fat (IMF) of Longissimus dorsi 
for all treatments is presented in Table 2. 
Intramuscular fat content was not affected 
(P>0.05) by treatments. However, differences 
were observed in the proportion in some fatty 
acids. The concentrations of Linoleic acid 
(18:2 n-6), was greater when concentrates were 
supplied. However, as expected, the 
concentration of PUFA n-3, increased as 
concentration pasture increased in the overall 
diet (P<0.01). The UK Department of Health 
(4) recommends that PUFA/SFA and n6/n3 
ratios should be over 0.45 and below 4.0, 
respectively. In this trial, the feeding system 
did not affected the PUFA/SFA (P>0.05) ratio, 
being lower than the recommended value. 
Regarding the n6/n3 ratio, all treatments were 
lower than the recommended level, following 
the pattern of T4 = T3 > T2 = T1 (P<0.01). 
Similar results were reported by (5), (6), (7) 
and (8).  
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Table 1. Mean values for meat quality traits 
under the influence of different nutritional 
regimes. 
 
Variable T1 T2 T3 T4 P 
pH  48 hs 5.65 5.63 5.63 5.61 ns 
WB kg SF (7d) 4.66 4.77 5.61 4.86 ns 
WB kg SF (21d) 3.54 3.47 3.65 3.63 ns 
L* muscle  (7 d) 34.4 33.9 34.8 34.7 ns 
a* muscle  (7 d) 17.5 17.3 17.3 17.9 ns 
b* muscle  (7 d) 9.4 9.2 9.6 9.5 ns 
L* muscle  (21 d) 37.0 35.9 36.3 36.7 ns 
a* muscle  (21 d) 16.7 17.2 16.4 17.4 ns 
b* muscle  (21 d) 9.9 10.1 9.9 10.1 ns 




































Table 2. Fatty acid profile (%) composition of 
the Longisimus dorsi muscle under the 




T1 T2 T3 T4 P 
Intramuscular 
fat 
4.70 3.52 4.61 4.13 ns 
14:0 myristic 2.56a 2.13b 2.28ab 2.15 b * 
16:0 palmitic 28.59 27.53 27.74 27.36 ns 
18:0 stearic 15.73 16.22 15.69 17.10 ns 
20:0 arachidic 0.05b 0.09a 0.03b 0.05b * 
14:1 
myristoleic 
0.40 0.35 0.40 0.30 ns 
16:1 
palmitoleic 
3.96 3.78 4.04 3.44 ns 
18:1 oleic 44.89 44.96 45.61 44.84 ns 
18:2 n-6 
linoleic 
1.72c 2.03bc 2.34ab 2.7a ** 
18:3 n-6 
linolenic 
0.04 0.04 0.04 0.05 ns 
18:3 n-3 
linolenic 
0.56ab 0.72a 0.42b 0.41b ** 
20:2 n-6 
eicosadienoic 
0.02 0.03 0.02 0.02 ns 
20:3 n-3 ETE 0.08 0.14 0.13 0.14 ns 
20:3 n-6 
DGLA 
0.04 0.05 0.03 0.05 ns 
20:4 n-6 
arachidonic 
0.41b 0.76a 0.47b 0.56ab * 
20:5 n-3 EPA 0.19ab 0.27a 0.12b 0.13b ** 
22:5 n-3 DPA 0.23ab 0.34a 0.15b 0.19b ** 
22:6 n-3 DHA 0.08ab 0.09a 0.06b 0.05b * 
CLA 0.46 0.50 0.44 0.37 ns 
SFA 46.93 45.95 45.75 46.47 ns 
MUFA 49.25 49.09 50.04 48.59 ns 
PUFA 3.37 4.47 3.77 4.34 ns 
n6 2.23b 2.90ab 2.90ab 3.42a ** 
n3 1.14ab 1.57a 0.87b 0.92b ** 
PUFA/SFA 0.08 0.10 0.08 0.09 ns 
n6/n3 2.04b 1.88b 3.50a 3.72a ** 
Note: a, b = means with different letters among columns 
are significant different (*, P<0.05) and (**, P<0.01). ns=  
not significant. ETE: eicosatrienoic acid; DGLA: 
dihomo-gamma-linolenic acid; EPA: eicosapentaenoic 
acid; DPA: docosapentaenoic acid; DHA: 
docosahexanoic acid; CLA: conjugated linoleic acid; 
SFA: satured fatty acids; MUFA: monounsaturated fatty 
acids; PUFA: polyunsaturated fatty acids.  
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Under the conditions imposed in the present 
study, there were no differences due to the 
feeding regimes evaluated on meat quality 
attributes in cull cows. Nonetheless, different 
feeding system had a significant impact on 
fatty acid composition, especially in the ratio 
of n6/n3 ratio, which was higher in 
supplemented treatments.  This study shows 
the appropriate effect of grass fed cull 
cows and low levels of supplementation to 
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Abstract – The aim of this study was to highlight 
the in situ hydrolysis of proteins to peptides on a 
muscle tissue section. In this context, a bovine 
muscle was incubated in a pepsin solution, cryo-
fixed and sectioned. MALDI (Matrix Assisted 
Laser Desorption Ionization) Mass spectrometry 
imaging was used to obtain the ionic map of 
proteins directly on the muscle section. This 
method allowed us to localize the appearance and 
disappearance of proteins or fragments of proteins. 
The results give new insights into the mechanisms 






Among muscle proteins, the contractile ones 
are the most relevantregarding nutritional 
considerations. They are localized in the 
intracellular space of muscle fibers, which are 
surrounded by connective  tissue. Despite the 
poor nutritional value of intramuscular 
connective tissue, it migh act as a barrier for 
digestive proteases to contractile proteins . 
Meat ageing is applied to improve its  
organoleptic quality, in particular meat 
tenderness. In this context, the muscles are 
kept at 4°C until postmortem proteolysis leads 
to the breakdown of muscle structure, that 
improve muscle proteins bioaccessibility and 
therefore their muscle protein digestibility 
(Astruc et al. 2012). Meat ageing was 
described to improve in vitro digestibility of 
myofibrillar pork proteins (Bax et al., 2013). 
This highlights the effect  of meat structure on 
the bio-accessibility of the digestive enzymes 
to myofibrillar proteins.  However the role of 
the extracellular matrix as a barrier requires to 
be explored using a method avoiding proteins 
extraction and preserving the original form of 
the meat structure  
The study aimed to  monitor in situ the 
hydrolysis of proteins into peptides  using 
mass spectrometry imaging.  
 
II. MATERIALS AND METHODS 
 
Sample preparation 
Bovine semitendinososus muscle was sampled 
and cut into 1.5 cm3 pieces. Incubation was 
performed at 37°C for 2 hours in a solution of 
pepsin at 125 U / mg of proteins. The tubes were 
placed in ice to stop the enzyme action. The 
muscle pieces were then cryo-fixed in 
isopentane cooled by liquid nitrogen (-196 °C)  
and stored at -80°C until use. 
 
Tissue Preparation 
Histological sections (10 µm) were performed 
using a cryostat (Microm, Francheville, France) 
at -20°C, and were collected on conductive 
indium-tin-oxide glass slides (Bruker Daltonics, 
Bremen, Germany) for MALDI imaging. Muscle 
sections were subjected to washing steps using 
70% and 95% Ethanol/H2O to deplete lipids, 
and were dried in a desiccator in 30 minutes. 
Serial sections were collected on glass slides for 
Hematoxylin-Eosin staining. 
 
Maldi-MSI Sample Preparation 
The matrix was applied using the ImagePrep 
station (Bruker Daltonics) with standard 
protocols. For protein imaging, the matrix was 
sinapinic acid (SA) at 10 mg/ml in 
water/acetonitrile 60:40 (v/v) with 0.2% 
trifluoroactic acid.  
 
Maldi-MSI Instrumentation 
The MALDI spectra were acquired on an 
Autoflex Speed MALDI-TOF/TOF mass 
spectrometer with a Smartbeam laser using 
FlexControl 3.4 and FlexImaging 3.0 software 
packages (Bruker Daltonics). For protein 
imaging, ions were detected in positive linear 
mode at a mass range of m/z 2000 – 30000 with 
a sampling rate of 0.63 GS/s. The lateral 
resolution was set to 100 µm and a total of 500 
laser shots were accumulated per pixel at 
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constant laser power. A protein standard (Bruker 
Daltonics, Bremen, Germany) was employed for 
external calibration of spectra, which was done 




Spectra from each imaging sequence were 
baseline-subtracted (TopHat) and smoothed (0.5 
m/z Savitzky–Golay window, 2 cycles), and 
peaks were chosen (thresholds of 1.5 S/N, total 
possible peaks at 1000, peak width 1.0 Da) by a 
batch processing macro written in FlexAnalysis 
software (Bruker Daltonics). Principal 
Component Analyses (PCA) were performed 
using ClinProTools-3.0 (Bruker). 
 
III. RESULTS AND DISCUSSION 
 
The study aimed to link  the muscular structure 
and the action of pepsin. To achieve this point, 
MALDI mass spectrometry imaging was 
performed. This method allows to detect proteins 
and/or protein fragments in situ, directly on a 
tissue section. The protein molecular map was 
acquired from m/z 2000 to m/z 30000; Fig. 1 




Figure 1. Mean spectrum of proteins acquired from 
m/z 2000 to m/z 30000 directly on semitendinosus 
bovine muscle. 
A co-registration of images between the 
Hematoxylin-Eosin stained section and the 
section used for MALDI imaging allowed to 
define two parts within the tissue incubated in 
pepsin: a lighter and a darker one (Fig. 2). The 
hypothesis was as follows: the difference of 
staining was due to the enzyme action on the 
meat structure.  
 
Figure 2. Co-registration of images between the 
Hematoxylin-Eosin stained section and the 
section used for MALDI of muscle tissue 
incubated in pepsin. 
To validate this hypothesis, the spectra from 
each part (area within dashes on Fig.2) was 
extracted in order to visualize the mean 
spectrum from each area (Fig.3). 
 Figure 2. Mean spectra of proteins extracted 
from the lighter and the darker parts of the 
muscle tissue. 
 
Principal component analysis was used to 
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Figure 2. Principal component analysis 
The results showed two sub-populations 
represented by spectrum of each tissue area 
respectively. The darker part was associated 
with m/z 2726.7, 60163, 4697.5, and 4381.1. 
The lighter part was associated with m/z 
4358.0, 3611.5, 4111.4, 4097.3, and 5978.7. 
The first cluster of m/z seems to be linked to 
the non-degraded tissue part, and so may be 
the proteins non hydrolyzed by pepsin unlike 
in the lighter part. The second cluster of m/z 
may be the products of hydrolysis, resulting on 




The results give new insights into the 
mechanisms of enzyme action within muscle 
structure. MALDI mass spectrometry imaging 
succeeded in studying in situ the action of 
pepsin within the tissue for the first time. Our 
results revealed specific m/z values from 
digested area and from non-digested area 
respectively. The next step of this study is to 
identify these protein ions, and then to identify 
the products and the protein targets of pepsin 
in bovine semitendinosus muscle. 
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Abstract – The traditional methods for analysis of 
malonaldehyde (MDA), such as thiobarbituric 
acid (TBA) assay, require strong acidic conditions 
at high temperature for derivatization and lack 
specificity under HPLC analysis. Stir bar sorptive 
extraction (SBSE) coupled with thermal 
desorption-gas chromatography/mass 
spectrometry (TD-GC/MS) with in situ 
derivatization using pentafluorophenylhydrazine 
(PFPH), under a relative moderate condition is an 
emerging technique for MDA analysis. MDA in 
meat was derivatized with PFPH at pH ~ 4 for 1 h 
at room temperature, forming a relative stable 
derivative of MDA-PFPH. The derivative of 
MDA-PFPH was simultaneously extracted using 
stir bar sorptive extraction. Following, MDA-
PFPH was thermally released and quantitatively 
analyzed by GC/MS under selected ion 
monitoring (SIM) mode. The method of SBSE-
TD-GC/MS for MDA analysis with in situ 
derivatization was optimized and validated with 
good linearity, specificity and limit of 
detection/quantification (LOD/LOQ). The SBSE-
TD-GC/MS method was suitable to monitoring 





Lipid peroxidation is the major form of quality 
deterioration, including flavor, odor, taste, color, 
texture, and/or appearance, leading to spoilage 
in meat and fish products, even when lipid 
content is fairly low[1, 2]. Prolonged storage 
under unfavorable conditions can create rancid 
odors described from the products of 
autoxidation of unsaturated fatty acids (PUFAs), 
reacting with oxygen to produce a free radical. It 
further forms peroxyl radicals and reacts with 
other fatty acid, resulting in the propagation of a 
chain reaction. The hydroperoxides formed 
during propagation decompose and form 
secondary products, such as aldehydes, ketones, 
alcohols, acids and hydrocarbons. Among the 
secondary products, aldehydes, especially 
malonaldehyde, are largely responsible for 
rancid flavor development in meats. The degree 
of rancidity has been traditionally measured 
using an assay for the determination of 
malonaldehyde by its reaction with 
thiobarbituric acid (TBA). The detected 
threshold value of MDA reported at 1 - 2 mg/kg 
for rancidity by using TBA[3] and the sensory 
threshold was in a range of 0.5 to 1.3 mg/Kg for 
sensory tests in meat[4]. Due to harsh 
derivatization conditions of TBA (100 °C, pH ≤ 
3) and also lack specificity of the TBA assay, 
the amount of malonaldehyde in some cases has 
been found to overestimate with artefactual 
MDA formation in sample preparation[5, 6]. 
A newly method of stir bar sorptive extraction 
(SBSE) coupled with thermal desorption (TD)-
GC/MS has been widely used, as a simple and fast 
sampling method in food and environmental 
analysis[7, 8]. The aim of the present study is to 
develop a rapid, sensitive and solvent-less method 
for determination of MDA by using SBSE-TD-
GC/MS with in situ derivatization with PFPH in 
meat.  
 
II. MATERIALS AND METHODS 
 
A. Chemicals and stir bars 
2,6-Di-tert-butyl-4-methyphenol (BHT), 1,1,3,3-
tetramethoxypropane  (TEP), 
pentafluorophenylhydrazine (PFPH) and 
potassium phosphate monobasic solution (1M 
KH2PO4) were purchased from Sigma-Aldrich (St. 
Louis, MO, USA). All chemicals were of 
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analytical grade. The commercial stir bars 
[Twister TM], incorporated in a glass jacket and 
coated with polydimethylsiloxane (PDMS) (length: 
10 mm; thickness: 0.5 mm), as well as the 10 mL 
vials and related equipment were purchased from 
Gerstel (Linthicum, MD, USA). 
 
B. Optimization of SBSE-TD-GC/MS 
The main factors of the method, such as pH value 
of derivatization (pH 2-5), extraction temperature 
(20 – 50 °C) and extraction time (0 – 300 min), 
were optimized. Five series of MDA-PFPH 
standards in a range of 10 - 1000 nM (n = 4) were 
prepared for linearity of standard curves in 
extraction solution (KH2PO4 buffer with pH ~ 4) 
and ground fish (1 ± 0.05 g) with 9 mL extraction 
buffer. Various amounts of MDA-PFPH were in 
solution and spiked in meat samples were 
validated for recovery and matrix effect of the 
method.  
 
C. Preparation of meat samples  
Pork samples (loin) were purchased from a local 
supermarket (Lacombe, AB, Canada). Chops were 
cooked on the preheated grill (250 °C) to an 
internal temperature of 35.5 °C, then turned over 
and cooked to a final temperature of 71 °C. 
Temperature was monitored by using a 10 cm 
spear point temperature probes inserted to the 
midpoint of the chop (Hewlett Packard 
HP349701A Data Logger, Hewlett Packard Co., 
Boise, ID, USA). Raw and cooked meat were 
packed and stored under condition (2 ± 1°C) for 
every day of analysis. Before analysis, meat 
samples were cut into small pieces for grounding 
using a Mini-Prep Chopper/Grinder (Cuisinart®, 
Canada). Ground meat (1 ± 0.05 g) was put into 10 
mL amber vial with 5 mL water and 3.5 mL 
KH2PO4 buffer (0.5 M) with pH value around 4. 
BHT 200 µL (1 mM) with final concentration 20 
µM was added to prevent oxidation in the process 
of derivatization and extraction. Then 200 µL 
aqueous PFPH (5 mg/mL) was added to derivatize 
MDA in meat samples. After vortex of the 
derivatization solution for 1 min, the samples were 
stirred and extracted by stir bars at room 
temperature for 60 min.  
 
D. TD-GC/MS and conditions 
Stir bars were placed in the desorption tube and 
inserted in the thermal desorption unit (TDU), 
where they were thermally desorbed by 
programming the TDU from 30 °C (held for 
0.5 min) to 260 °C (held for 3 min) at 240 °C/min. 
Transfer temperature was fixed at 275 °C. The 
TDU for desorbing was in the splitless mode into 
the cryogenic trap (CIS 4) for focusing and 
concentrating the analytes prior to their transfer to 
the capillary column. The desorbed compounds 
were cryogenic focussed in the CIS 4 with a 
glasswool notched liner at −100 °C. After 
desorption, the CIS 4 was programmed from 
280 °C (held for 3 min) at 12 °C/s to inject the 
trapped compounds onto the analytical column. 
Injection was performed in the programmable 
temperature vaporization (PTV) solvent vent mode, 
and purge flow to split vent was 36 mL/min at 
1 min.  
All analyses were performed on Agilent 7890A 
GC system coupled with 5975C mass 
spectrometry with MSD. The separations were 
carried out on a HP-5ms fused-silica capillary 
column, 30 m (length) × 250 μm (I.D.) × 0.25 μm 
(film thickness) (Agilent Technologies, 
Mississauga, ON, Canada). The oven temperature 
was programmed from 50 °C (held for 0.5 min) to 
150 °C (held for 0.5 min) at 25 °C/min, then to 
280 °C (held for 1 min) at 30 °C/min, and total run 
time was around 10 min. Helium was used as the 
carrier gas at a flow rate of 1.2 mL/min. 
Quantitative analysis was performed by using 
selected ion monitoring (SIM) mode with the 
characteristic ion at m/z 234. 
 
III. RESULTS AND DISCUSSION 
 
A. Optimization of SBSE-TD-GC/MS with in situ 
derivatization 
We conducted a series of experiments to test the 
suitable conditions (pH value and reaction 
temperature) for the derivatization reaction in 
meat matrix. Results of pH effect on 
derivatization of MDA were shown in the range 
of 2 -5 at ambient temperature for 1 h (Figure 1).  
SBSE is by nature an equilibrium technique, the 
extraction is controlled by the coating material 
(e.g. PDMS) ratio and the partitioning 
coefficients with the octanol-water distribution 
(Ko/w; logKo/wof MDA-PFPH: 2.82).  
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Fig. 1. pH value effect on the condensation reaction 
of MDA with PFPH 
 
It is well known that extraction conditions, such 
as time, temperature and speed, are the main 
factors of variability prior to GC/MS analysis. In 
previous reports, extraction time of SBSE varied 
from several minutes to hours or even days 
depending on the properties of the target 
compounds and the experimental conditions[8]. 
SBSE of MDA-PHPF increased quickly from 
beginning to 1 h and then the extraction slowed 
down reaching a plateau state after 60 min 
(Figure 2). Therefore, a SBSE time of 60 min 
was chosen for all experiments. In the range of 
20-50 °C for SBSE, temperature did not 
significantly affect MDA-PFPH extraction. 
Moreover, the extraction temperature at 50 °C or 
higher led to a slight decrease of extraction 
efficiency (data not show). Therefore, room 
temperature for 1 h was used for SBSE with stir 
speed of 1200 rpm. In the thermal desorption 
process, the TDU temperature of 280 °C and 
cryogenic temperature of -100 °C in CIS 4 were 
used without further test in the study.  
 
Fig. 2. Extraction time effect on SBSE-TD-GC-MS 
of MDA-PFPH 
 
B. Validation of the method 
To avoid the matrix effect, we used the standard 
curve plotted at a range of 10 – 1000 nM in meat 
matrix for following quantitative analyses. The 
linear ranges, precision data, limit of detection 
(LOD) and limit of quantification (LOQ) are 
showed in Table 1. 
 




The calibration in solution and in meat displayed a 
good linearity with correlation coefficients (R2) 
>0.999 (n = 4, RSDs < 5 %). LOD and LOQ 
were~ 0.4 nM and ~ 1 nM in solution and ~ 1 and 
2 nM in meat matrix, by fortifying 0.2 - 2 nM (n = 
4, RSDs < 7 %). Both LOD and LOQ of MDA by 
SBSE-TD-GC-MS were obviously improved, 
compared to previous reports of LC-UV/MS with 
TBA[9] and SPME-GC-MS with the same PFHF 
derivazation in urine [10].The recovery 
demonstrated the suitability of the method for the 
target analyte.  
 
C. MDA analysis in meat 
Many different strategies have been used for 
MDA analysis in food (meat, fish and formula) 
and biological samples (plasma, urine and saliva) 
by using GC and HPLC for separation. However, 
most of the methods need one and more times 
for extraction/concentration of MDA derivatives 
by lipid extraction with organic solvents, like 
hexane, followed by evaporation or 
precipitation[11, 12]. It is time-consuming and 
also causes loss of target compounds in each 
sampling steps. In our study, we extracted the 
derivative of MDA simultaneously in process of 
derivatization. 
The optimized SBSE-TD-GC-MS method with 
in situ PFPH derivatization was applied to 
examine the MDA both raw and cooked pork. 
We monitored and evaluated the amount of 
MDA in both raw and cooked meat stored under 
retail condition at 2 °C and – 20 °C, respectively. 
The results of MDA measurement were shown 
in Table 2. In raw meat, MDA slightly increased 
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from 0.37 µmol/Kg to 0.51 µmol/Kg at - 20 °C 
after one week of storage. 
 
Table 2. Amount of MDA determined in raw and 
cooked meat stored in different condition using the 




The amount of MDA measured in present study 
was lower than the previous reports of 2 –10 
µmol/Kg via TBARS tests [13] and 0.5 – 10 
µmol/Kg by HPLC analysis [13, 14]. After 
cooking, the amount of MDA increased 
dramatically to 1.45 µmol/Kg, due to the 
oxidation of PUFAs during cooking. After one 
week in storage, the amount of MDA slightly 
increased to 1.82 µmol/Kg at – 20 °C, but to 
8.19 µmol/Kg at 2 °C. This means that oxidation 
happened more easily in cooked meat at normal 
storage [15]. During heating, free radicals were 
formed, increasing the rate of oxidation of 
PUFAs in cooked meat, and also free irons were 
released from globin proteins, acting as a 
catalyst in oxidation during storage of cooked 
meat [1].  
 
IV. CONCLUSIONS 
Under conditions optimized in this study, the 
simple, sensitive and solvent-less method of 
SBSE-TD-GC-MS with milder derivatization 
conditions can be considered as an appropriate 
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Abstract –This study examined the potential of near 
infrared spectroscopy (NIRS) to discriminate 
depurated from non-depurated salmon fillets. Sixty 
two Atlantic salmon were cultured within a 
commercial scale land-based recirculating 
aquaculture system (RAS). When salmon reached 
food-size, twelve salmon were removed from the 
RAS (non-depurated salmon) and fifty were 
transferred to partial water reuse systems to be 
depurated of existing off-flavours for 10 days 
(depurated salmon). Skin-off fillets were collected 
from all salmon, vacuum packed and frozen at -
20°C. After thawing, the right-side, anterior third of 
the fillet was scanned over the visible and NIR range 
(350-2500 nm) on the flesh of the dorsal muscle. 
Partial least squares discriminant analysis based on 
NIR spectra correctly classified 100% of non-
depurated and depurated salmon fillets; probably as 
a consequence of differences in the content of fat, 
water and off-flavour compounds between both 
samples, which could have been detected by NIR 
spectra. Thus, NIRS is a fast, inexpensive, solvent-
free and non-destructive technology that can be used 
for the authentication of salmon with enhanced 




Certain species of actinomycetes, fungi and blue-
green algae produce semi-volatile off-flavour 
compounds that are the main cause of earthy-
musty odorants in water from aquaculture facilities 
(1, 2, 3). Those off-flavour compounds tend to 
bio-accumulate within fish flesh dependent on the 
concentration of the compound in the water supply, 
water temperature, fat content and mass of fish, 
and other abiotic and biotic factors (4). Although 
off-flavour compounds are harmless to human 
health, high levels within fish tissue lead to an 
undesirable taste which is typically regarded as 
being of unmarketable quality for consumption (5, 
6). Pre-harvest processes such as depuration can 
be used to eliminate most of those off-flavour 
compounds and ultimately enhance salmon quality 
(5). 
 
To assure quality control and guarantee to 
consumers that they are getting exactly what they 
paid for and not an inferior quality fish, methods 
to distinguish depurated salmon from those that 
have not been subjected to any pre-harvest process 
are required. Different extraction methods coupled 
with gas chromatography–mass spectrometry have 
been used to quantify off-flavour compounds in 
salmon (5, 7). However, those techniques require 
reactive chemicals and sophisticated and 
expensive analytical equipments, and they are 
time-consuming and technically demanding. Near 
infrared spectroscopy (NIRS) is a sensitive, fast, 
low cost and non-destructive technology, with 
minimum or no sample preparation, neither 
requiring reagents nor producing waste (8, 9). 
Another advantage of NIRS is its ability to record 
the response of the molecular bonds of chemical 
constituents (e.g., O-H, N-H, and C-H bonds) to 
the near infrared irradiation and, thereby, build a 
characteristic spectrum that behaves as a 
“fingerprint” of the sample (10). 
 
Therefore, the aim of this study was to test the 
potential of NIRS technology to distinguish 
depurated from non-depurated salmon fillets. 
 
II. MATERIALS AND METHODS 
 
A. Samples and depuration process 
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Atlantic salmon were cultured to food-size (3–5 kg) 
at the Conservation Fund’s Freshwater Institute 
(Shepherdstown, WV, USA) within a commercial 
scale (150 m3) land-based recirculating 
aquaculture system (RAS). Twelve salmon were 
removed from the 150 m3 RAS (non-depurated 
salmon) and fifty were transferred to identical 
partial water reuse systems (0.5 m3) that were used 
to depurate/purge the fish of existing off-flavours 
that might be present in the flesh (depurated 
salmon). Namely, those 50 salmon were taken off-
feed one-day prior to transfer to the depuration 
system and then remained off-feed during 10 days 
of depuration process, as is the common practice 
for food-fish produced in RAS. The depuration 
system design was relatively simple, consisting of 
a circular culture tank with a bottom, center drain 
and a PVC water aeration column (1.52-m tall × 
0.23-m diameter). Water aeration columns 
containing media were packed with 1.37-m of 
individual 5-cm NSW Nor-Pac rings (Jaeger 
Environmental, Eldorado, KS, USA). A 1/8-hp 
magnetic pump (Model MD-55RLT, Iwaki Co. 
Ltd, Tokyo, Japan) was used to pump 
approximately 90 L/min of water from mid-depth 
of the culture tank and lift it to the top of the 
corresponding aeration column. Depuration 
system was operated with an average makeup 
water flow rate of 3.8 ± 0.1 L/min (approximately 
1 gpm) and thus a 95% recycle rate on a flow basis. 
Skin-off fillets were collected from all salmon, 
vacuum sealed in individual plastic bags, and 
immediately frozen at -20°C until spectra 
collection.  
 
B. Spectra collection 
The salmon fillets were thawed overnight at 2°C. 
The right-side, anterior third of the fillet was 
collected from each fish and randomly scanned on 
the intact flesh of the dorsal muscle using a 
portable LabSpec®4 Standard-Res spectrometer 
(Analytical Spectral Device-ASD Inc., Boulder, 
CO, USA) equipped with an ASD fibre-optic high 
intensity contact probe (21 mm window diameter) 
(Figure 1). The spectrometer scanned 50 times per 
reading (~5 s) over the visible and NIR range 
(350-2500 nm) in reflectance mode, and spectra 
were averaged by the equipment software. The 
data were interpolated to produce measurements in 
1 nm steps, resulting in a diffuse reflectance 
spectrum of 2151 data points. Absorbance data 
were stored as log (1/R), where R was the energy 
reflected. Two spectra per salmon fillet were 
collected in different locations to increase the area 
of muscle scanned and reduce the sampling error 
(10), visually examined for consistency and then 
averaged. Instrument control and initial spectral 
manipulation were performed with the Indico™ 
Pro software package (Analytical Spectral Device-
ASD Inc., Boulder, CO, USA). 
 
C. Statistical analysis 
Principal component analysis (PCA) was 
performed to decompose and compress the data 
matrix in order to examine the possible grouping 
of samples. Partial least squares discriminant 
analysis (PLS2-DA; 11) was applied to classify 
salmon fillets into non-depurated and depurated. 
This model seeks to correlate spectral variations 
(X) with defined classes (Y), attempting to 
maximize the covariance between the two types of 
variables for group differences and ignoring 
variance within a class. In this type of approach, Y 
is a dummy matrix with arbitrary numbers 
assigned to the different classes to be 
distinguished (non-depurated = 1, depurated = 2). 
According to this equation, a sample was 
classified as salmon belonging to a specific 
category (non-depurated or depurated) if the 
predicted value was within ±0.5 of the dummy 
value. The accuracy of the models obtained was 
evaluated using the percentage of correctly 
classified samples. Cross-validation (leave one-out) 
was performed to validate calibrations and to 
restrict the number of PLS terms incorporated in 
the regression, to prevent over-fitting. Spectral 
data management, PCA and PLS2-DA were 
performed by means of The Unscrambler® 
software (version 10.2, Camo, Trondheim, 
Norway). 
 
III. RESULTS AND DISCUSSION 
 
A. Spectral information 
As observed in Figure 1, the mean spectra of non-
depurated and depurated salmon fillets showed the 
same pattern although clear differences were 
observed in the near infrared region. The main 
differences were found at wavelengths of 1450 
(O–H stretch first overtone) and 1940 nm (O–H 
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bend second overtone), and at 1215 (C–H stretch 
second overtone), 1720-1760 (C–H stretch first 
overtone) and 2310 nm (C–H bend second 
overtone). Since those O–H and C–H molecular 
bonds are related to water and fat absorption, 
respectively (8, 12), differences in those chemical 
components could be used to discriminate 
depurated from non-depurated salmon fillets. On 
the contrary, no differences were observed in the 
visible region (400-700 nm) between the spectra 
of non-depurated and depurated salmon fillets. 
Fig. 1. Average visible and near infrared reflectance 
spectra of non-depurated (n = 12) and depurated (n = 50) 
salmon fillets. 
B. Discrimination of salmon fillets 
During PCA, the raw absorbance data matrix was 
reduced to a coordinate axis system, so each 
sample was defined by the corresponding scores 
for each PC. As a result, when the whole sample 
set was represented on an XY plane according to 
the scores for PC1 and PC2, these first two PCs 
accounted for 98% of the variation in the spectra 
of salmon fillets and two different clusters (1 = 
non-depurated, 2 = depurated) were observed 
(Figure 2). 
 
The regression model developed using a PLS2-DA 
and including 3 PLS terms correctly classified 100% 
of both non-depurated and depurated salmon fillets; 
all predicted values for non-depurated samples 
were within the range from 0.5 to 1.5 and those for 
depurated samples were higher than 1.5 and lower 
than 2.5. Similar results were observed when the 
calibration model was cross-validated where again 
all depurated salmon fillets were segregated from 
those non-depurated with an overall accuracy of 
100%. 
Fig. 2. Score plot for principal component 1 and 2 of 
salmon fillets based on near infrared spectra (1 = non-
depurated, 2 = depurated). 
Because salmon remained off-feed during the 
depuration period, possible differences in the fat 
content between non-depurated and depurated 
salmon fillets might have been responsible for the 
different absorption peaks of the C–H and O–H 
bonds in both samples (Figure 1); the latter as a 
consequence of the inverse relationship between 
fat and water content in fish muscle (13). In this 
study, the fat content of the samples was not 
analysed. Nevertheless, a lipid content decrease in 
depurated salmon samples has been previously 
reported by Burr et al. (5). Hence, the different fat 
and water content could be one reason for NIRS to 
successfully discriminate depurated salmon fillets. 
As fat content decreases during the depuration 
process, the off-flavour compounds accumulated 
in this tissue are also reduced. Indeed, significant 
differences in the content of some off-flavours 
compounds between the non-depurated and 
depurated salmon fillets from this study were 
previously described (7). Because off-flavour 
compounds are organic substances, they may have 
absorbance in the near infrared region. Therefore, 
the different content of those compounds in both 
salmon fillets could have been detected by NIR 
spectra; hence providing the excellent segregation 
of depurated from non-depurated salmon fillets 




NIRS technology discriminated depurated from 
non-depurated Atlantic salmon fillets with 
accuracy up to 100% in the population used in this 
study. The work reported here constitutes a 
feasibility study and requires further development 
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with considerably more salmon fillets of different 
species before its potential may be implemented 
by the salmon industry. Further studies are needed 
to test NIRS technology for on-line applications in 
the salmon industry, where portable equipment 
applied directly on the whole salmon through the 
skin could be used to authenticate salmon with 
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Abstract – The objective of this study was to 
evaluate the effects of supplementation 
frequency with rice bran concentrate on calves 
performance grazing on a cultivated pasture and 
their subsequent effect on carcass quality traits. 
Forty Hereford calves  (184.0 kg live weight; 
LW) were randomly assigned to four treatments 
(T)  as a result of the combination of a unique  
forage allowance (FA 2.5%LW) and three 
supplementation frequencies  (S; 0.8 % LW, 
unique supplementation level) but distributed 
different  during the week in the winter period,  
where: T1=FA 2.5% LW (control), T2=FA 2.5% 
LW plus S everyday (ED), T3=FA 2.5% LW 
plus S from Monday to Friday (MtF) and 
T4=FA 2.5% LW plus S every other day (EOD). 
At the beginning of the experiment, the animals 
did not show significant differences (P>0.05) in 
LW between T. At the end of the 
supplementation period lower LW (P<0.05) was 
observed in T1 compared to the rest of T. The 
same trend was observed with the ultrasound 
measurements done of ribeye area (REA) and 
back fat thickness (BFT) (P<0.05). The slaughter 
weight was not affected by T during rearing 
(P>0.05). Hot carcass weight (HCW), chilled 
carcass weight (CCW), pistol cut (PC) and its 
boneless high value cuts (Striploin, Tenderloin, 
Rump; RL) did not differ between feeding 
systems (P>0.05). Morphometric measurements 
were not affected by diets during rearing 
(P>0.05). The addition of supplement (0.8% 
LW) allowed an increase in LW gain during 
rearing, regardless of the frequency in which 
animals were fed. The different feeding systems 
implemented during the first winter period of 
the life of the calves did not affect the carcass 
quality traits considered when the animals were 
adequate feed from rearing to fatteing.     
 
KEYWORDS: nutritional strategies, calves, 





I. INTRODUCTION  
 
In the last decades, the increasingly 
competitive conditions concerning to the 
increase of land price and leasing and to 
attractive commodity prices have led to 
livestock farmers to enhance productive and 
profit. The intensive use of improved pastures, 
animal supplementation, genetic improvement 
and efficient usage of scarce and costly labor 
resources are key factors to increase 
productivity and profitability in livestock 
farming today. All these management practices 
put into place had led to acceleration of the 
rearing process and as a result of this, a 
potential reduction in slaughter age and an 
overall improvement of the efficiency of the 
production system. National and international 
research have demonstrated that the use of 
improved pastures and supplementation in 
cattle have a positive influence on animal 
performance  as well as on carcass quality 
traits (1) (2), but less information is available 
on the effect on rearing feeding regions on 
aftereffects during fattening and carcass and 
meat quality. The objective of this experiment 
was to evaluate supplementation frequency of 
calves grazing on a cultivated pasture during 
winter and its possible effects on animal 
performance and carcass quality traits at the 
time of slaughter.  
 
II. MATERIALS AND METHODS 
 
This experiment was carried out at the 
“Glencoe” Experimental Unit – INIA 
Tacuarembó, situated in the Basaltic region of 
Uruguay. Forty Hereford calves, with an 
average initial live weight (LW) of 184.0 ± 8.5 
kg grazing on a cultivated  pasture, were 
distributed randomly into four treatments (T) 
during  winter  using a unique forage 
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allowance (FA; 2.5% LW) and different 
supplementation frequencies (S)  using rice 
bran (RB) concentrate with only one  single 
level of S (0.8% LW),  but distributed in 
different frequencies during the week, where: 
T1=FA 2.5 % LW, T2=FA 2.5 % LW + S 
Every Day (ED), T3=FA 2.5% LW + S 
Monday to Friday (MtF) and T4=FA 2% LW + 
S Every Other Day (EOD). Once winter was 
over and until the beginning of the summer, all 
of the animals had same feeding treatments 
where FA was 4% LW without 
supplementation. During summer, animals 
grazed on a summer annual crop (Sorghum 
bicolor L. moench and Sorghum sudanense) 
and they were supplemented with a protein 
supplement (sunflower). Finally, throughout 
the fattening period, the animals grazed on 
natural pasture, supplemented with RB at a rate 
of 1% LW.  During the winter time animals 
were divided into four replicates. During the 
whole experiment animals had free access to 
fresh water and mineral blocks. The forage 
used was a four year old cultivated mixed 
pasture (Trifolium repens cv. INIA Zapicán, 
Lotus corniculatus cv. INIA Draco and 
Festuca arundinacea cv. Quantum). The 
measurements taken on animals were weekly 
LW gain and fasted LW gain every 42 days. 
For T2, T3 and T4, the feed intake was 
adjusted every 14 days, according to the 
average LW of the animals in each plot. The 
variables measured in vivo by ultrasound 
scanning were rib eye area (REA), back fat 
thickness (BFT) and marbling at the beginning 
of the trial and every 28 days. At the end of the 
fattening period the animals were slaughtered 
at a commercial packing plant.  Hot carcass 
weight (HCW) and carcass grading (3) were 
recorded. After chilling (48 hours post 
mortem) carcass weight (CCW) and pistol cut 
(PC) were recorded, and samples taken 
between the 10-11thribs. Boneless cuts from 
this primal cut (RL) were weighed. The 
statistical design was a random plot model 
with four replicates of the treatments described 
earlier.  The animal data was analyzed as 
repeated measurements through the MIXED 
procedure of SAS and the results of carcass 
quality were analyzed by the GLM SAS 
procedure (4). LSM means and differences 




III. RESULTS AND DISCUSSION 
 
The effects of different nutritional strategies 
during rearing on animal performance are 
presented in Table 1. At the beginning of the 
experiment, no significant differences were 
found in LW. At the end of winter 
supplementation and spring, animals from T1 
had lower LW (P<0.01) and lower LW gain 
(P<0.05) than T2, T3 and T4, where 
T1<T2=T3=T4. These results probably 
reflected the different energy intake of the 
steers. The supplemented treatments had the 
same RB concentrate intake, regardless of the 
supplementation frequency. Measures taken in 
vivo (REA, BFT) showed the same response as 
final LW and LW gain (P<0.05). National 
research (2), reported the same findings with 
similar levels of forage allowance and 
supplementation. 
 
The effects of feeding treatments on carcass 
traits are shown in Table 2. Feeding strategies 
used during rearing did not affect the variables 
measured on carcass (P>0.05). However, other 
local research studies, comparing contrasting 
diets during rearing  (feedlot versus pasture) 
have concluded that this type of  management 
have had an important effect on LW  gain 
during the finishing period, also influencing 
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Table 1. Animal performance traits of steers 
under different feeding strategies. 
 
Variable T1 T2 T3 T4 P 
Initial LW a 
(kg) 
183.8 183.4 183.9 183.8 ns 
LW b (kg) 198.5b 214.1a 220.6a 218.4a ** 
LW c (kg) 265.2b 285.7a 287.1a 284.6a ** 
FLW c (kg) 251.6b 276.2a 274.9a 271.8a * 
LW gain b 
(kg/a/d) 
0.440b 0.673a 0.603a 0.660a * 
LW gain c 
(kg/a/d) 
0.500b 0.646a 0.643a 0.613a * 
REA c (cm2) 37.7b 40.6ab 43.0a 42.4a * 
BFT c (mm) 2.14 2.00 2.19 2.10 ns 
Final  LW d 
(kg) 
529.9 537.6 530.6 534.7 ns 
Note: a, b = means with different letters among columns 
are significantly different (*: P<0.05; **: P<0.01). ns = 
not significant. a July 2012. b September 2012. c 
December 2012. d November 2013 
 
Table 2. Carcass traits of steers under different 
feeding strategies. 
 
Variable T1 T2 T3 T4 P 
HCW (kg) 251.9 254.9  252.6 257.9 ns 
CCW (kg) 240.6 243.3 241.6 246.6 ns 
PC (kg) 58.6 59.1 58.7 61.0 ns 
Rump & Loin 
(kg) 
     
Tender loin 1.7 1.7 1.6 1.7 ns 
Strip loin 3.5 3.5 3.7 3.8 ns 
Rump 2.0 2.0 2.2 2.1 ns 
Morphometric measures (cm)  
Carcass length 141.2 144.6 142.0 141.5 ns 
Leg perimeter 109.1 108.2 107.4 109.6 ns 
Leg length 69.5 69.7 70.9 71.9 ns 




The use of RB supplement on calves during the 
winter time grazing improved pastures 
improves animal performance and reduce the 
age at slaughter, resulting in better production 
efficiency in semi extensive livestock systems 
of the Basaltic region of Uruguayan. However, 
it is important to highlight that the use of the 
same level of supplementation (1% LW), but 
using different supplementation distribution 
frequencies along the week did not affect LW 
gains or ultrasound variables. Therefore, 
infrequent supplementation strategies would 
allow a more efficient use of the available 
human resources and reducing production 
costs without affecting animal performance 
during rearing in those livestock systems. 
Furthermore, those carcass quality traits 
evaluated were not affected by the different 
feeding regimes applied during rearing when 
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Abstract – The aim of this essay was to evaluate the 
inclusion of crushed crambe replacing soybean meal 
in animal diets, in the color of meat from Nellore 
cull cows finished on pasture. The left half-carcasses, 
between 12th and 13th rib, were cut to expose the 
cross section of Longissumus muscle, which was 
collected muscle samples of approximately 0.8 kg, 
divided into three steaks and frozen in freezer -18°C 
to evaluate the qualitative characteristic of meat. 
The determinations of meat color and fat were made 
using colorimeter, where the lightness (L* 0 = black, 
100 = white), the red (a*) and yellow (b*) color 
intensity was evaluated. No significant effect was 
observed to luminosity, redness and yellowness 
values on the filet and fat cover from Nellore cull 
cows with crushed crambe included in the diet. The 
inclusion of presscake of crambe up to 15% by 
replacing soybean meal in the supplement does not 
affect the meat color of Nellore cull cows finished on 
pasture. 
 





Brazil has the potential of producing crushed 
and/or brans in the order of 14,746 kg ha-1 when 
the required blending of biodiesel to diesel was 
only 3% [1]. Biodiesel production is 17175.25 m³ 
day-1, its required use of 5% biodiesel in all diesel 
sold in brazilian [2]. In Brazil the main raw 
material for oil production is soybean, responsible 
for over 70% of the biodiesel produced in the 
country. Thus, there is a search for new oilseeds 
for biodiesel production within the international 
quality standards. A little known crop in Brazil, 
such as crambe (Crambe abyssinica Hochst), 
emerges as an interesting alternative for the 
production of biodiesel. 
 
In recent years, there has been growing interest in 
developing nutritional strategies for manipulating 
the composition of beef fatty acids, stimulated by 
the need to produce healthier meat and reduce its 
association with diseases of modern life 
 
Thereby, oilseeds rich in polyunsaturated fatty 
acids as crushed crambe, may be an alternative for 
feeding to cattle increasing CLA synthesis in the 
rumen as an intermediate of the biohydrogenation 
of linoleic acid (C18:2 c9, c12 - ω6), which 
appears in high concentrations in these foods. 
However, according to Wood et al. [3], the 
changes in fatty acid composition may reflect the 
flavor, color and shelf life of the meat, important 
qualitative features to the consumer. 
 
Through this work aimed to evaluate the inclusion 
of crushed crambe replacing soybean meal in 
animal diets in the color of meat from Nellore cull 
cows finished on pasture.  
 
II. MATERIALS AND METHODS 
  
17 samples from the fillet (Longissimus muscle) of 
Nellore cull cows, 5 years, finished on Brachiaria 
humidicola supplemented in the amount of 1.0% 
of body weight with crushed crambe included 
within 15% in the diet were used, which 
concentrates were isoenergetic with 80% TDN. 
The amount of the ingredients and chemical 
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Table 1. Ingredients (%) and chemical composition of 
the concentrates (g MS kg -1) 
 
 Treataments 
Ingredients C00 C05 C10 C15 
Crushed Crambe 0 5,0 10,0 15,0 
Soybean meal 15,0 10,0 5,0 0,0 
Whole rice bran 40,0 40,0 40,0 40,0 
Corn 37,64 37,29 36,94 36,59 
Urea 0,35 0,70 1,05 1,40 
Salt                             1,0 1,0 1,0 1,0 
Limestone 2,5 2,5 2,5 2,5 
Flower of Sulfur 1,0 1,0 1,0 1,0 
Dicalcium 
phosphate 
1,5 1,5 1,5 1,5 
Mineral mixture¹ 1,0 1,0 1,0 1,0 
Parameters Chemical Composition 
DM 926,9 936,7 923,6 922,0 
CP 153,4 155,0 145,7 140,0 
EE 96,0 99,1 99,8 114,3 
NDF 518,7 421,0 363,9 390,8 
ADF 74,9 91,1 64,7 67,1 
HCEL 433,8 326,4 302,6 322,7 
LIG 47,2 49,1 28,1 31,3 
CNE+ 384,2 476,3 532,3 492,6 
TDN+ 843,6 796,7 802,5 813,1 
TCHO+ 636,5 618,0 631,2 620,0 
MM 137,0 126,1 123,3 125,6 
C0=concentrate no crushed crambe inclusion; 
C5=concentrate with 5% crushed crambe inclusion; 
C10=concentrate with 10% crushed crambe inclusion; 
C15=concentrate with 15% crushed crambe inclusion. 
%CHOT = 10-(%PB+%EE+%MM); %CNE=%CT-
%NDFp; %TDN = 9,6134+0,829DMD. 
 
Before slaughter, animals were subjected to 
procedures for humanitarian stunning then the 
carcasses were identified and stored in cold 
storage at 2 ° C for 24 hours. 
 
After cooling carcass was held in the left half-
carcasses, between 12th and 13th rib, a cut to 
expose the cross section of Longissimus, which 
was collected muscle samples of approximately 
0.8 kg which was divided into three steaks and 
frozen at -18°C for measurements of qualitative 
characteristics of meat. 
 
Determinations of meat color were made using 
colorimeter, which evaluated the lightness (L* 0 = 
black, 100 = white), the intensity of the redness 
(a*) and yellowness (b*) [4]. Thirty minutes 
before the evaluations in different points of the 
samples, a cross-section to the muscle was 
performed to expose the myoglobin to oxygen [5]. 
The instrument calibration was performed before 
reading the samples with white and black 
standards. 
 
The experiment was lead in a completely 
randomized design using the model: 
Yij =  + i + (i)j; 
where:  = constant; i = effect related to the 
inclusion level, where i = 1, 2, 3 and 4, and  (i)j = 
random error associated with each observation 
premise NID~(0; I²). 
 
III. RESULTS AND DISCUSSION 
 
Lightness (L*), redness (a*) and yellowness (b*) 
in fillet have 37.41, 21.50, 11.12 of mean, 
respectively (Table 2). 
 
Zebu animals, as Nellore, exhibit low deposition in 
the amount of intramuscular fat, but this fat 
deposition shall be better noted in older animals. 
Cerilo et al. [6] used sunflower cake in the diet, 
obtained for brightness averaging 37.48 with 
Nellore heifers. These values are similar to the 
present work. 
 
The average of redness (a*) in the fillet was 21.50. 
Prado [7] justifies the rise of redness on depend 
the weight increase due to raise concentration of 
red cells pigments with increasing weight of 
slaughter. 
 
The b* value typically determines the amount of 
yellow which is influenced by the presence of 
pigments such as carotene and carotenoids are 
deposited in fat. Therefore the results will vary due 
to the amount of fat in the meat. Meat tenderness 
is related to increased deposition of intramuscular 
fat, thus causing a feeling of softness when tasted 
and therefore the ease of disruption of sarcomeres 
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Table 2. Values of ligthness (L*), redness (a*) and 
yellowness (b*), on fillet and fat cover of 
Nellore cull cows supplement with crushed 
crambe. 
 
 Treatments  P<0,05 
Item 0 5 10 15 SD L Q 
 Fillet    
 L   36,88 37,34 37,69 37,38 0,08 NS NS 
 a 19,16 21,14 22,05 22,18 0,34 NS NS 
 b  9,86 10,98 11,31 11,56 0,18 NS NS 
 Fat cover    
 L  70,55 70,77 70,57 70,72 0,03 NS NS 
 a 7,75 7,85 8,07 8,98 0,14 NS NS 
 b 25,82 25,01 20,51 23,90 0,57 NS NS 
NS – Not significant (P>0,05) 
 
The value of lightness (L*) for fat cover  was 
70.66, similar to the data found in the literature, 
and this measurement when performed not has 
changes when it comes to beef fat.  
 
The average of yellowness (b*) for fat was 23.36, 
this proves that the animals used in the experiment 
were considered adults, but even cull cows, fat 
cover did not show a yellowish color, so may be a 
good consumer acceptance and minimize the 
thought that fat cover with a yellowish color are 
very old animals. 
 
According to Cooke et al. [8] animals fed diets 
with higher proportions of concentrated have more 
clearly fat than animals receiving diets containing 
fodder, this being due to the high levels of 
carotenoids present in the feed. Lima Júnior et al. 
[9] reported that consumers prefer meat with fat in 
white or cream color, because they identify that 
the yellow color would be deriving a meat by old 





The replacement of soybean meal by crushed 
crambe up to 15% in the supplement does not 
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Abstract – The aim of this work was to evaluate the 
tenderness of meat by shear force, pH, cooking loss 
and water holding capacity. For the evaluation of 
the sensory characteristics of the meat, panel was 
conducted with the aid of 50 untrained panelists for 
evaluation of odor, taste, tenderness and overall 
appearance. 17 samples of sirloin steak (Longissimus 
muscle) collected between the 12th and 13th rib of the 
left half carcasses of Nellore cull cows, 5 years old, 
finished on pasture and supplemented in the amount 
of 1.0% of body weight with inclusion of crushed 
crambe in the proportions of 0, 5, 10 and 15% in the 
supplement to replace soybean meal were used. The 
concentrates were isoenergetic with TDN value of 
80%. There was a linear effect on pH, and water-
holding capacity, cooking loss, and shear force no 
significant effect was observed. Sensory analysis for 
odor, taste, tenderness and general appearance, 
showed an average of 2.19, 2.24, 2.66 and 2.36%. 
The inclusion of crushed crambe replacing soybean 
meal does not alter the quality of the meat from 
Nellore cull cows.  
 





Crambe has 50-60% of erucic acid, which is an 
omega-9 polyunsaturated fatty acid and is 
considered a biodegradable acid [1]. Presents as 
main characteristic the high oil concentration 
and can be used in biodiesel production. 
 
Crushed crambe has a high protein (20% to 30%), 
ether extract (approximately 29%) and low-
digestible fibers content, with potential use for 
ruminants. It consists of pericarp, rich in fiber, and 
cotyledons, rich in protein and residual oil. 
 
Meat from Bos taurus indicus is recognized as less 
tender than that of Bos taurus taurus due to the 
proportion and activity of calpain/calpastatin 
enzymes [2]. Zebu animals exhibit a lean carcass 
in the muscular portion, devoid of marbling where 
only 2-3% lipids, and may have a good finish 
depending on the feed and weight of the animals. 
This fat distribution is of utmost importance in 
beef carcass, protecting it from burning cold. 
 
This work aimed to study the qualitative 
characteristics of meat from animals finished on 
pasture supplemented with inclusion of crushed 
crambe to replace soybean meal in the diet. 
 
II. MATERIALS AND METHODS 
  
17 samples from the sirloin steak (Longissimus 
muscle) of Nellore cull cows, 5 years old, were 
used, finished on Brachiaria humidicola pasture 
during the transition period water – dry, 
supplemented in the amount of 1.0% of body 
weight with crushed crambe included up to 15% in  
diet, which concentrates were isoenergetic with 
80% TDN. The amount of ingredients and 
chemical composition of the concentrates are 
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Table 1. Amount of ingredients (%) and chemical 




Ingredients  C00 C05 C10 C15 
Crushed Crambe 0 5,0 10,0 15,0 
Soybean meal 15,0 10,0 5,0 0,0 
Integral rice brean 40,0 40,0 40,0 40,0 
Corn 37,64 37,29 36,94 36,59 
Urea 0,35 0,70 1,05 1,40 
Salt                             1,0 1,0 1,0 1,0 
Limestone 2,5 2,5 2,5 2,5 
Flower of Sulphur 1,0 1,0 1,0 1,0 
Dicalcium 
phosphate 
1,5 1,5 1,5 1,5 
Mineral Mix¹ 1,0 1,0 1,0 1,0 
 Parameters Chemical Composition (g kg-1 DM) 
DM 926,9 936,7 923,6 922,0 
CP 153,4 155,0 145,7 140,0 
EE 96,0 99,1 99,8 114,3 
NDF 518,7 421,0 363,9 390,8 
ADF 74,9 91,1 64,7 67,1 
HCEL 433,8 326,4 302,6 322,7 
LIG 47,2 49,1 28,1 31,3 
CNE+ 384,2 476,3 532,3 492,6 
TDN+ 843,6 796,7 802,5 813,1 
TCHO+ 636,5 618,0 631,2 620,0 
MM 137,0 126,1 123,3 125,6 
C0=concentrate no crushed crambe inclusion; 
C5=concentrate with 5% crushed crambe inclusion; 
C10=concentrate with 10% crushed crambe inclusion; 
C15=concentrate with 15% crushed crambe inclusion. 
%CHOT = 10-(%PB+%EE+%MM); %CNE=%CT-
%NDFp; %TDN = 9,6134+0,829DMD. 
 
At the end of the experimental period, when 
cows had minimum body condition score of 5 
in a scale of 1 to 9, they were subjected to a 
fasting period of 24 hours and subsequently 
slaughtered in a commercial abattoir. 
 
After cooling of carcasses at 2 °C for 24 
hours, was held in the left half-carcasses, 
between 12th and 13th rib, a cut to expose the 
cross section of Logissimus muscle, where was 
collected samples from approximately 0.8 kg 
which was divided into three steaks and frozen 
at -18 °C for assessment of the qualitative 
characteristics of meat. 
Measurements of softness by shear force (SF) 
were performed as described by Wheeler et al. 
[3] and cooking loss (CL), were performed 
according com Abularach et al. [4]. Samples 
were defrosted for 24 hours under refrigeration 
(4 ° C) and cut into steaks 2.5 cm thick and 
baked in a preheated electric oven at 170 º C, 
until reaching 70 ° C at the geometric center. 
Cooking loss were calculated from the 
difference in weight of the samples before and 
after cooking, expressed as a percentage. 
 
After being baked, the steaks were left at 
ambient temperature for at least 2 hours, and 
removed six samples (cylinders) using a punch 
of 1.27 cm in diameter, in order to determine 
the softness through the shear force through 
the device Texture Analyser TA. XT Plus 
(Stable Micro Systems), with a standard 
Warner Bratzler blade. The average cutting 
force of the cylinders was used to represent the 
shear strength of each sample and calculated 
as described by Vaz et al. [5]. 
 
The water-holding capacity (WHC) was 
obtained by difference between the weight of a 
meat sample (approximately 2 g) before and 
after being subjected to the pressure of 10 kg 
for 5 minutes as described by Hamm [6]. 
 
For the evaluation of the sensory 
characteristics of the meat, the remaining 
steaks from each sample were baked as 
described above and, after being cooled, cut 
into cubes and served 50 untrained panelists. 
In this panel, were evaluated the attributes 
odor, taste, tenderness and general appearance. 
The descriptive method of evaluating 
attributes through unstructured scale of nine 
points (1-9), whose left end is the lowest 
stimulus intensity and the extreme right to 
higher intensity was used [7].  
 
III. RESULTS AND DISCUSSION 
 
Despite variations of observed values for water 
retention, the best way is to freeze the steaks, 
differing from the usual method of freezing the 
entire section of the sirloin steak. The freezing of 
parts of the muscle (steaks) improves freezing 
speed, causing less loss of intracellular fluids, 
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because does not occur to the formation of ice 
crystals inside the cells during freezing. 
 
The meat can be considered as rigid, with an 
average shear force (SF) 8.60 kgf being considered 
a soft flesh values below 5.0 kgf [8]. 
 
High values of shear force are common in Zebu 
animals and this characteristic is possibly 
associated with increased activity of calpastatin 
enzyme, which has an inhibitory effect on calpain 
responsible for postmortem proteolysis and 
therefore by tenderizes meat [9]. According to 
Lawrie [10], other factors such as age of the 
animal and carcass fat cover are crucial on this 
characteristic. Older animals have collagen and 
elastin structures more insoluble and carcasses 
with inadequate fat cover are more prone to 
shortening of muscle fibers during cooling (cold-
shortening), factors that directly imply the absence 
of meat tenderness. 
 
Linear effect is observed for pH, with the inclusion 
of crushed crambe (Table 2). There was no 
occurrence of DFD meat (dark firm and dry) or 
dark color cuts, which usually occur when the pH 
is above 6.0, due to lower mobilization of 
glycogen and consequently lower oxygen 
penetration [11], with pH values between 5.40 and 
5.60 for normal or typical meat [8]. 
 
Sensory analysis of meat had no significant effect 
on the variables: Odor, taste, tenderness and 
general appearance, shown in Table 3. 
 
Table 3. Parameters of the sensory analysis of meat 
from Nellore cull cows fed crushed 
included in the diet. 
 
 Treatments 










































*NS = not significant at 5% Kruskal – Wallis’s test 
 
Values for softness found in this study had an 
average of 2.66 showing a less tender meat. For 
Wheeler et al. [12], this is due to the higher 
concentration of calpastatin in muscle of animals. 
The action of calpastatin is in the form of 
inhibition of calcium-dependent proteolytic 
enzymes (CDP I and CDP II). Gerrard et al. [13] 
explain that there is interaction between sexual 
status and age at slaughter influencing meat 
tenderness. These authors working with animals ½ 
Charolais breeds showed a continuous decrease in 
meat tenderness with aging. 
 
The tenderness, according Brondani et al. [14], is 
also relates to losses during thawing, showing that 
the higher the percentage of loss, meat is tougher. 
Still proves when softness was assessed by shear 
force, which besides the percentage of loss during 
defrosting shows a significant correlation with the 
cooking loss, especially drain. Thus, the greater 
the loss by drainage, more force is required to 
shear the fibers.  
 
In sensory analysis the characteristic of 
smoothness, is the most important, being a 
determinant of the quality of meat [11]. By the 
review panel, the meat from Nellore cull cows 
were classified as rigid, similarly, when assessed 
Table 2.  pH, water holding capacity (WHC), cooking 
loss (CL) and shear force (SF) in beef 
steak of Nellore cull cows with crushed 
crambe include in the diet. 
 




















































































NS – not significat (P>0,05) 
pH – Y= 0,562+0,0655X (R²=0,2803) 
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Nellore cull cows finished on pasture, 
supplemented with crushed crambe replacing 
soybean meal, in the transition period water - dry 
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Abstract – To be able to obtain animal protein for 
food establishes we needs a complex network of 
operations for production, slaughter, boning, 
distribution, storage and preparation for human 
consumption. May be said also that the type of 
fiber, as well as the area where it is located, will 
interfere with the histochemical and biochemical 
properties of the meat, and therefore in their 
quality, the effect they suffer in the metabolism 
before and after slaughter. The polyacrylamide gel 
containing SDS is an effective method of 
separating the molecular components in protein 
blend. The assessment of changes in muscle fibers 
during the resolution process is fundamental to 
understanding the qualitative changes of the final 
meat product. After the resolution of rigor mortis 
and the transformation of muscle into meat, there 
is significant variation in morphological 
organization of the sarcoplasmic fibers, directly 
interrelated with varying densities of the larger 
protein fractions, and their losses on portions 




Of all beef cuts taken poultry, which has 
greater value is the chest (Major pectoralis), 
being marketed both in nature and in 
processed derivatives (5). In the constitution of 
animals, we can mention that about 30-40 % 
of body weight is skeletal muscle is composed 
of bundles of very long cells, and 
multinucleated cylindrical, with diameters 
ranging from 10 to 100μm, called skeletal 
muscle fibers (6). We can say that the type of 
fiber as well as the area where it is located, 
will be interfere with the histochemical and 
biochemical properties of the meat, and 
therefore in their quality, the effect they suffer 
in the metabolism before and after slaughter 
(12). 
Characteristics like pH, color, water-holding 
capacity, cooking loss and tenderness of meat 
are consider important, and relate directly to 
the quality of the protein constituents of the 
meat product, showing the evolution of the 
physicochemical research of these products (4). 
The physicochemical quality of the meat is 
very similar between the most different 
species of farm animals, with only a few 
quirks (3). After the slaughter of animals, a 
series of biochemical and structural changes 
begin initiating a process called "conversion of 
muscle to meat". The biochemical and 
structural changes occur simultaneously and 
are dependent on ante mortem treatments, the 
slaughtering process and storage techniques of 
meat (10). With respect to poultry, 
electrophoretic techniques and 
electropherograms revealed that muscle 
protein having greater or lesser fractionation, 
resulting in muscle protein specific patterns 
for each species to be useful in identifying the 
muscle tissue of poultry, turkeys and ostriches 
(5). 
There are a large number of variables that 
influence the electrophoretic technique in 
proteins; one of these is the animal species (1). 
The list of processes occurring in meat 
products, from slaughtering to treatment 
occurred in every process after slaughter; 
determine the quality of the final product (8). 
In this sense, the protein loss measured by 
densitometry and electrophoresis and its 
relation to the assessment of changes in 
muscle fibers during the process of resolving 
the post-mortem is fundamental to 
understanding the qualitative changes of the 
final meat product. 
 
II. MATERIALS AND METHODS 
 
Six samples of pectoral muscle (Major pectoralis) 
from five poultries, in the same strain, sex and 
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weights that were used did not differ statistically. 
These animals were slaughtered in the laboratory, 
releasing CEUA - FMVZ - UNESP under No. 
109/2012 of 21 May 2012, to not suffer the 
inherent common slaughter processes that 
influence biochemical muscle characteristics 
(such like as the process of scalding, plucking 
and cooling). Was retired couple aliquots of 
approximately 2 cm² as follows: 1 aliquot 
immediately after the bleeding of the animal and 
five more aliquots after each 30 min total of 2 
hours and 30 minutes post mortem from each 
sample ( T = 0, 30'' - '' which indicates time in 
minutes-, 60'', 90'', 120'' and 150'' for each bird, 
respectively). Samples for electrophoresis was 
frozen in liquid nitrogen at harvest, and for the 
morphological analysis, each aliquot was stored 
in a solution of 10% formaldehyde for fixation of 
the material and avoidance of changes that occur 
in nature. To determine the electrophoretic 
patterns of the samples, the electrophoresis 
Polyacrylamide Gel Native vertical alkaline (pH 
8.3) in a discontinuous buffer system, containing 
sodium dodecyl sulfate (SDS-PAGE) (7) was 
used, with some modifications (9). Whereas the 
Native electrophoresis for the identification of 
protein fractions according to their relative 
mobility’s, were employed patterns of muscle 
proteins of pure species studied, standardized by 
Figueira (5). For the analysis of Native gel 
electrophoresis, measures the relative mobility 
(Rf) for each protein band densitometry addition, 
the image obtained by the VDS hardware and 
software analysis on VDS, Pharmacia, 
manufactured by LG Electronics version were 
calculated 3.0. The results, after analysis of the 
statistical software StatPlus : mac AnalystSoft - 
statistical analysis program . 2009 version. For 
morphological analysis, after the step of fixation, 
the samples underwent dehydration and placed in 
intermediate substance (consisting of xylene ) in 
a phase identified in the literature by bleaching. 
After preparation followed to step inclusion, who 
made with paraffin. For the step of microtome 
was used the rotary microtome Leica RM 2255, 
Leica Biosystems. Identified and prepared slides 
were stained with hematoxylin- eosin (HE), the 
most suitable dyes to highlight morphological 
structural features. 
Blades at the ready, went to the stage of 
observation under optical microscope from Leica 
Microsystems DM2500/100W, in ascending 
order of objective so allowing a better 
description of the observed structures and their 
possible changes. 
 
III. RESULTS AND DISCUSSION 
 
The results for soluble proteins of the Major 
pectoralis muscle, are represented by choosing 
only one of the gels performed (Figure 1), 
demonstrating selection of bands (Figure 2), 




     a        b      c       d      e       f 
Figure 1 - SDS-PAGE on 10% of Major pectoralis 
broilers from one of the samples, presenting related to 
time 0 (a) applications; 30'' (b); 60'' (c); '' 90 (d); 120'' (e) 
and 150'' (f). 
 
 
Figure 2 - Example of Selecting protein bands for 
analysis of Relative Mobility (Rf) and densitometry of 
one sample of chicken, with each selection on the time of 
collection, following. 
Regarding the statistical evaluation, an 
ANOVA test (Test of variance) of a simple 
factor was performed, since the only variable 
would be sought densitometry, as a hypothesis, 
it could be changed in the present post mortem. 
This occurs because as we all samples come 
from poultries from the same lineage, and with 
similar weights and managements, the 
variation of Rf would not be taken into 
account, since only gene expression could 
significantly change their values. The data 
analyzed densitometry (calculated individually 
for each of the tested samples, and then 
performed simple average for each protein 
band, related to each time of collection) can be 
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Table 1: ANOVA data comparing mean and 
standard deviation of the protein fractions (average 




















VC% (Medium) 20,23 
 
With the analysis of the results was possible to 
evaluate the presentation of an electrophoretic 
patterns of the species, which will in meeting 
as described by Figueira (5), in all gels 
analyzed . The presentation of 13 protein 
bands in all stages of collection and statistical 
significance of the difference without relative 
mobilities corroborates the statement that the 
analyzes treated in the same species. For the 
analysis of images obtained from different gels 
produced was possible to emphasize the 
separation of protein fractions homogeneously. 
The varying only in the intensity of bands in 
different stages, can be concluded that there is 
a significant difference in the percentage 
incorporation of forming fractions of proteins 
sarcoplasmic, which also corroborates with the 
research conducted by Dierckx et al. (2) who 
researched the loss of protein fractions in post 
mortem , but in other species, the swine. In 
this sense, in terms of muscle metabolism (11), 
metabolic changes coexist in several different 
species of muscular forms, by default, only 
changing due to the individual's genotype, its 
organoleptic characteristics. With the ANOVA 
analysis, it was possible to see that change 
occurs in the densitometry in all protein 
fractions. Can also be evaluated using the 
same analysis that the various metabolic 
events that begin at the time of death of the 
animal until the end of these collections were 
more intense in the range that reflects the 
period between 60'' and 90'', where the 
visually poultries were more prominent 
macroscopic features of rigor mortis. 
The result was been observed in blades of a 
gradual degeneration of the fibers, indicating a 
decrease in the structural organization of the 
fibers. Comparing the beginning, t=0 , 
showing the characteristic organization of 
sarcoplasmic fibers which characterized the 
material as muscle tissue, and the following 
processing sequence shown in t=0, t=30''and 
t=60'' (figure 3)''. The figure 4 shows t = 90'', 
t=120'' and t=150'', when in which the 
appearance observed was a single smooth 
structure, no organization of fibers, which 
characterized the material as meat, being 
selected for each picture that best represents 
the moment of transformation, comparing all 
slides. 
   
Figure 3 - Histological sections of Major 
pectoralis. Arrow indicates the organization of 
muscle fibers in processing. 
 
   
Figure 4 - Histological sections of Major 
pectoralis. Arrow indicates the organization of 
muscle fibers in processing. 
The vital functions of the muscular system does 
not cease at death of the animal, and a series of 
biochemical and structural changes occur after 
slaughter, with the designation process of 
"conversion of muscle into meat" (10). Such 
modifications, accompanied by biochemical 
form could be observed in the present study 
where will sequentially noting the morphological 
changes (structural and organizational) in the 
investigated cells.  
The results, when compared to papers made with 
meat from other species, has the same 
descriptive result, since only promote species 
change in the time factor in the process leads to 
obtain the resolution by the fact that the 
characteristics differ sarcoplasmic among 
themselves regarding the genetic characteristics 
differentiating species, but may also reflect the 
biochemical of sarcoplasmic proteins (5) 
behavior. 
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It could be demonstrated that there is significant 
loss of protein fractions during the post mortem 
of poultries, especially as regards the density of 
the fractions present in the sarcoplasmic proteins. 
On the other hand, we could not demonstrate 
variations in relative mobilities of fractions of 
intra species form, which was found in the 
encounter with the literature. Morphological 
changes in Major pectoralis during the process 
of rigor mortis, was successfully obtained has 
been demonstrated descriptively changes 
occurring in several sequential time until his full 
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